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DoBcr^ion 

TECHNICAL FIELD 



The present invention relales to novel human insulin analogues exhibiting a low ability to associate in solution a 
method for the preparation of such insulin analogues, insulin preparations containing the human Insulin analooues'of 
the invention and a method of treating Diabetes Mellltus using these human insulin analogues 



BACKGROUND ART 



Ever since the discovery of Insulin in 1 922 many different types of insulin preparations have been used for the 
treatment ot Diabetes mellrtus. At the beginning exclusively insulin solutions exhibiting a rapidly commencinq and 
relaln^ely rapidly ceasing insulin activity were used, but later on insulin preparations exhibiting a wider profile of activity 
procured by lowering the solubility of Insulin by means of additions as e.g. zinc salt and/or protamines have been 
produced. For reasons of availability the insulin used herefor has nomially been recovered from Pancreas from do- 
m^lc animals most frequently oxes. pigs and sheep, however, recently preparations containing human Insulin of 
biotechnological ongin have also appeared on the market. 

The slnjcture of human Insulin Is shown In the followfng formula 
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A-Chain 

S S 

I 7 I 
H-Glylle-Val-Glu^Gln-Cys-Cys-lhr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 € I 8 9 10 11 12 

8 
I 

B-Oiain S 

I 

H-mtt*Val-Afln-Gln-Hls-Z«u-Cys-6Iy-Ser-Hi8-Leu-Val 
123456789 10 11 12 



A-Chain (contd.) 

20 

Leu-Tyr-Gln-Leu-61u-Asn-Tyr-Cys-Asn-(»I 
13 14 15 16 17 18 19 | 21 

I — S 
I 

B-chain (contdO S 

I 

Gltt-Ala-Leu-Tyr-Leu-Val-Cys-^Gly-GlU'-Arg-Gly-Phe'* 
13 14 15 16 17 18 19 20 21 22 23 24 



B-Chaln (contd.) 



Phe-Tyr-Thr-Pro-Lys-Thr-OH 
25 26 27 28 29 30 

The Insulhs from certain domestic animals are very similar In structure to human Insulin. Thus dog and pig hsulln 
differ from human insulin only by containing Ala In posrtion 30 in the B-chain and rabbit Insulin only by containing Ser 
in the same position. These Insulins may be converted rntohuman insulin by replacement of the B30-amjno acid residua 
with Thr by semisynthetic procedures as described by IMorfhara et al, Nature 280 (1 979). 412-413 and Marcussen (US 
Patent No. 4,343,G98). 
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When such an insulin is dissolvad at physiological pH value a concontration-dapendent association squilibrium Is 
established between monomerlc. dimerlc. tetramerlc. hexamerlc and even polymeric Insulh. The equilibrium can e o 
bsdetemiineclbyuHracentrifugation. by osmometry or by gel filtration methods, vide e.g. R. Vfaldes Jr. and G A. Ackers 

* i^f ^- 61 (Enzyme Structure, part H. eds.: Hira & Timashetl), Academic Press 1 979. pages 

« 1Z5-14Z. In nonnal lomnulationE of insulin preparations this equilibration Is shifted in such a way that the insulin to a 
very high degree Is on a hexameric term. mBusuimioa 
Substitutions In the Insulin molecule can be Introduced with the purpose of lrTV>rovhg the profile of activity of the 
insulin in the treatment of Diabetes. Thus. Published International AppHcabon No. WO 86rt)5497 discloses that one or 
more sutntitutlons of Qlu m the Insulin molecule by a neutral amino acid residue causes a shitting of ihe zone of 

10 precipitation of the Insulin m such a way that a slow release after Injection Is obtained 

Moreover, Published European Application No. EP 214 626 discloses Insultn analogues being particularly rapidly 
absorted after ffijaclon. This effect is a result of the fact that by means of certain substitutions h particular in the 
> "^.^ P**"*"™ « suppression of the association tendency of the 

insuHn IsobtalnedsothatB isessentlallypresemasmonomerordlnfier However, a number of these insulin analogues 

»e exhibits a reduced biological activity. 

Throughout the years a large number ol artlflclally prepared analogues of human hsulh has been described 
usua^^ with the purpose of elucidating the influence of the structure on the acth% vide e.g. IMarke et al Hoppa- 
Seyter-s Z. Physiol. Chem. 360 (1979). 1819-1632. Investigations of the influence of substltuitons in the (B22^). 
sequence rtthe Ineufln on the receptor binding have been of particular interest, as said sequence is considered to be 
an essemial site of binding for the insulin receptor, and as naturally occurring mutations have been found with substi- 

rSTJU^iS^ «o ? ®- ^^^^ 7390-7394 and M. KobayashI et al.: Homed. Res. 5 

(3M19B4), 267-272. Very low biological activiUes were found for anakigues In which Phe (B24) or Phe (B25) are 
substituted, and therefore it was concluded that the presence of these two amino acids Is ol decisive importance to 
the receptor binding. ^>^^iv 

The present Im/entbn is tased on the surprisrg recognition that certain human insulin analogues In which one of 
the ammo acid residues [PheB^*] or [PheBSB] ,8 not present exhibit a tow association tendency ^solution and the 

PheB24] or [PheB26] will have the effect that |LysBZ9| b transferred into [LysBaej. The position of a positive chame In 
^ disposition in the human hsulh molecule is oonsldared to be the important aspect of the prBsarrtl^^^ 
SUMMAHV OF THF iW\/pMT|nK| 

In its broadest aspect Ihe present invenlton is therefore related to human hsulln analogues in whtah there is a 

The present Insulin anatogues have suiprislngV a tow assoclatton tendency and at Ihe same time an increased 
'^J^^ '° a^toflu* with low association tendency, introductton of a positive charge 

So^^JS" ^ ^ aaornpnshed in two ways. Either by deleting one of the amino acto residues h positton B24, 
BZS. B26. ^7 or B28 in the hunan insulin molecule leading to a human insulh anatogue with a Imb in positton B28 
or by substituting [ProBai^ h the human insulin molecule with a Lys or Arg. If an Arg Is preferred In positton B28 the 
deietiori of one of the amro acid rsskiues in positton B24. B25, B26. B27 or B28 may furthermore be combined with 
a substitution ol the orlghal [1^829] virtth an Arg resWue. nwa bb cwnoinea wnn 

^ J^H^ human hsulh anatogues may furthemwre contain one or more modificattons h the C-terminal end 
,^ /T^a ^^^'^ ^ ^he amino acki residues h posHion B25 to B27 and Oie amho add 

|Bsidue(8) toltowing the [Lys^^r or [ArgB^e,,^ arbitrarily chosen among the natumlly occurrhg amho ^ T 
idues with the proviso that there is no Pro h positton B29orB29orB30orbolhrrHybe lacking 

According to one aspect of the present Imrentlon [Tyr^*) may be substituted by another uncharged amho acM 
residue wh«e.n the second carbon atom in the side chah (0>) is 

J^*"'hthepurposeof6tabili2ingthemoleculeagain8tchamkaldegradatton.Asninpostt^ 
» furthenmore be replaced by another amino acid reskJue. «*ianwor.Mmay 
The present hunnan hsuHn anatogues can be characterized by the foltowing formula I 
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A-Chain 

S s 

I I 
H-Gly-lle-Val-clu-Cln-Cya-cys-Hir-Ser-Ile-Cys-Ser- 

I 

10 8 

I 

B>Chain 8 

I 

H-Phe-Val-Y2-GIn-Hia-I.«u-Cy8-Gly-Ser-Hls-Lau-Val 



20 

(I) 

A-Chaln (contd.) 

90 

Leu-Tyr-Gln-Leu-Gltt-Asn-Tyr-Cys-Yi-OH 

I 



40 



4S 



I 

B-Chain (contd.) s 

I 

Glu-Aaa-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-61y-Phe- 



B-Chaln (contd.) 
«, X1-X2-X3-X4-X5-X6 



ss 



wherein X,, Xg. Y, and Yg may be any naturally occurring amrio acid residue, X* is Lys or Arq Xc is selected from 
In the above formula I X, may more speciFically be Phe. Ala. His. Thr. Ser, Asn or Tyr. 
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X2 may more specifically be Tyr, Thr, Glu, Asp, Ala, His, Seror Phe, 

Xg may more specrfically be Pro, Glu, Asp, Ser, Thr or His, 

Xg may more specificalty be Lys, Thr, Ser, Ala, Asp or Glu, 

Xe may more specifically be ThrOH, Ser-OH, Ala-OH. Asp-OH, Glu-OH or -OH, 

Y^ may be Asn, Glu, Asp. His. Ser, Ttir. VSal. Leu. lie, Ala, Met, Trp, Tyr. Gin or Gly, more preferably Qly. Asp, Glu 
or Ala, and 

may be Asn, Glu. Asp, His. Ser. Thr, \fel, Lau, lie, Ala. Met. Trp, Tyr, Gin or Gly. more preferably Glu or Asp. 

One group ot the present human insulin analogues can be characterized as such in which one of ihe amino acid 
residues in position B24 or B25 has been deieled, that the amino acid residue in position B26, optionally, is substituted 
by another uncharged amino acid residue in which the carbon atom In the rposltlon Is sp2-hybrldlzed. that, optionally, 
one or more of the amino acid residues in positions A21 , B3 and B30 diflor from the amino acid reskiue in the corre- 
sponding positions In hunnan Insulin, and that, optionally, no amino acid residue Is present In position B30. 

According to a more simple definition such analogues are human Insulin analogues In which nVr^^] is not present, 
in which [Phe^S] has optionally been substituted by another uncharged amino acid residue in which the carbon atorn 
In the 7-position is sp^-hybridized, in which one or more of the amino acid residues In positions A21, B3 and B30, 
optionally, differ from the amino acid residues in human insulin and in which optionally no amino acid residue is present 
In position B30. 

Examples of uncharged amino acid residues in which Oy is sp2-hybridized are Tyr, Phe, His. Trp and Asn. 

It is possible to introduce further substitutions or derivatizations in the human insulin analogues mentioned above 
if the properties do not change substantially Such lurther derivatizations could be esterfflcation or amidatlon of cartKocyl 
groups, acylation or alkylation of amino- or hydroxyl groups or could be deamidalion of carboxamida groups Further 
substitutions may be exchange of [ThrAS] witii His or of [HIsBip] with Asp. Moreover, it Is possible to add or delete a 
single or a few amino acid residues at the C- and/or the N-terminal of preferably the B-chain, 

One group ot the hunnan insulin analogues according to the invention will have the structure shown in formula II 
below, where X means Tyr, His, Phe or Asn, Y means TTir. Ser. Ala, Asp or Glu or a deletion and where optionally one 
or both of the underscored Asn have been changed to Asp by substitution or daamidation or the underaoored Asn in 
the A-chain may be Gly. 
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A-Chain 

S 8 

I I 
H-cly-ile-Val-Glu-can-cys-Cys-Thr-Ser-lle-Cys-Ser- 

I 

I 

B-Chain S 

I 

H-Phe-Val-to-Gln-Hls-Leu-Cys-GlySer-His-Leu-Val 
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A-Chain (oontd.) 

Leu*Tyr-61n-Leu-61u-Asn-Tyr-Cys-asn-0H 

I 



I 

B-Chain (contd.) s 

I 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-ciu-Arg-Gly-Phe- 



B-Chain (contd.) 
so X-Thr-Pro-Lys-Y-OH 

Prsferred human insulin analoguas according to the invention ara the following: 

« ctes[PheB2S]-hunnan insulin 
cl8s[TyrB26]4,|jn^ap insulin 

ctes[Thr^7]-human insuiin 
des[ProBafil-human insulin 



(II) 
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d8s[PhBB26]-porcln9 insulin 

des[ProB28]-porcine Insulin 

des[ProB28]-rabbil insulin 

des[PheB26],de8[ThrB30|^iunfian insulin 
s ctesnyrBM],d8s[ThrB30]-human insulin 

[SerA2i]KJes(PrDB2Bj.human insulin 

[GlyA2i]<ies[ProB28j.human Insulin 

[GlyA2i]<jas[PheB25].human roulin 

[AspA2i].cies[PheB2S]^uman Insulin 
^0 [HlsB25]..ctes[TyrB26]^das[ThrB30].human insulin 

[AsnB25].ciesnyrB26],des[ThrB30]-human insulin 

[AspA2i]-des[PheBK],d8s[ThrB30]-human insulin 

[AspB28]^es[PhoB26]^unrian insulin 

[AspB3]<ies(PheB2Sj4iuman ^^^^ 

IS [Ly8B28].human insulin 

[LysB28^ThrB29]-human Insulin 
[ArgB2Si-des[LysBi»]-human insulin 

20 n«hlL^"T 'I!^* ^""^^^ ^'^^^^ '"^^^'^^ "'^y advantageously be used In the treatment of 

n^^f 3b"rty t° association leads to a taster uptake in the bloodstream than an ordinary hsulin 

not ^'y afterthe normally used subcutaneous injection but also by non-parenteral use. vide e.g. Published interriatlonal 
App^bon No. WO87/061 37. Also their improved physical stability will make tham more adN^tagous in ^eZbSS 
ireatment. 

« iZIl* ^"^'"^ ^° P™*""* '""^^^ ™y P^P^^^'^ ^ ^''^""S ^ P'oinsulin gene through 

rBplacament of oodon(s) at the appropriate site in the native human proinsulin gene by codon(6) encoding Ihedesired 

n! T «"«^ing tha desired insulin analogue may be synthesized. The gene encoding the desirid 

Insulin anak^ue Is then inserted Into a suitable expression vector which when translerred to a suitable h<»t oraanism 

ll'k—'^^ " ^""^ '^^'^ P™*""*- ^« ^"^'^^ P"^"'=t » 'fi^" <iwn the^lb « 
the culture broth depending on whether the expressed product is secreted from the cells or not 

^ "^uLTl'-!""" ^ be prepared by chemical synthesis by methods analogue to the method 

descnbed by Mark, et al. (Hoppe-Seylei-s Z. I^sbI. Chem., 360 (1 979). 1619.1^2). They may also be fol^.^ 

^^r^ 1 rT^, .T" t!^^"' ^'^ establishing disulphida bridges according to known 

rnethode e.g. Chance et al.. in: Rtek DH, Gross E (eds) Pepiktes: Synthesis - Structure - Function. Proceedhos of 
the seventh American peptide symposium, Illinois, pp. 721 -728). 

The insulin analogues may furthemwre be prepared by a method analogue to the method described in EP patent 
application NO. 0183529A the disclosure of whteh Is hcorporated by refeS«e hereinto. By such meth(3 an hsut 
precursor of the human insulin analogue wherein the basic amino acid in positton B28 or B29 (if the final product shall 
have a basic amino acU In this positton) is connected to QlyAi by means of either a peptide bond or a peptUe chain 

:^^V^sZZ 'r t^^r ^ """"" (Mo^ha^ suera) or the sculled tranapept^ation 

of ihfSi"^'' ^'T^^ analogues may be prepared by inserting a DNA-sequence encoding a precureor 
o^the msulhanatogue in questton Into a suitable yeast expression vehtele which when transferred to yeart ^capable 
or expressng and secreting the precursor of the insulin anakjgue in which [LysBSBi, [ArgBaBi rivsBSi „ rArriBWi i. 
connected to GlyAi by a peptide bond or a peptide chah With the formula III Jori«g^« 



" "^n^^' (III) 

Wherein R Is a peptide *ah With n arnino ackJ resW^^^^ 
reacted with an ammo compound with the formula IV 
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Wherein Q is a single amino acid residue, preferably Thr. or a dipeptide, and R" is a carboxy protecting group (e q 
methyl or tert-butyl). using trypsin or trypsln-like enzyme as a catalyst In a mixture of water and organic solvente 
analogouslyasdescribedin US palentspacificatiGn No. 4.343.898 (the di^^^ 

herelnto) whereupon the carbcocy protecting group Is removed and the Insulin analogue is Isolated from the reaction 
mixture. 

If the insulin analogues contain an amino acid residue diflerent f rem Lys or Arg as the C-lerminal residue In the 
BKjhain, they may also be prepared lay a method analogue to the method described In Published European Application 
No. EP 195 691 the discioeurB of which is ricorporated by reference harainto. By this method insulin analogue pre- 
cursors of the type having a bridge between the A- and B<hain consisting o1 a single pair ol basic amino acid (lys 
Arg) are made in yeast and then converted into the insulin analogue by an enzymatic eonveraion. 

If the C-terminal amino acid residue in the B-chain is Lys or Arg. then the insulin analogues can be prepared from 
the above biosyntetic precursors by enzymatic cleavage with trypsin. 

Human insulin analogues of the invention in which substitutione are only present within the last amino acid residues 
nearest tothe C-temtiinaJ of the BHJhain may moreover be prepared in a manner knownper se from e.g. porcine insulin 
f o!?. J^CS J01 (3). (1979). 751-752. whereby the porcine insulin is first split with trypsin to 
des-(K3-30)-human Insulin, whereupon the ietler, also enzymalically, Is coupled with a synthetic peptide having the 
desired ammo acid sequence. 

The present Insulin analogues may be used for the preparation of novel Insulin preparations with hsuiln activity 
to be substituted for human or porcine Insulin In the insulin preparations heretofore known to the art. Such novel hsulh 
proparationB contain the insulin analogues according to the present invention or a pharmaceutically acceptable salt 
thereof Bi aqueous solution or suspension, preferably at neutral pH. Ttie aqueous medium is made isolDnIc, for example 
with sodium chloride, sodium acetate or glycerol. Furthermore, the aqueous medium may contain zinc ions buflere 
such as acetate and citrate and preservatives such as nwresol, methylparaben or phenol. The pH value of the prep- 
aration IS adjusted to the desired value and the insulin preparation is made sterile by sterile filtration. 

The present insulin analogues may also be mixed with other insulin analogues having a protracted insulin activity 
to prepare insulin preparations consisting of a mixture of rapid acting and protracted insulin. 

The insulin preparations of this invention can be used similaily to the use of the known insulin preparatnns. 

TERMINOLOGY 

■me abbrevlattons used forihe amino acids are those slated In J. Biol. Chem.^ (1966), 3556. The amino acids 
are m the L configuration. Unless othenviss indicated, the species of insulins stated herein is human. 

BRIEF DESCRI PTION OF THg DHi^WIM<a.Q 

The invantkm is further illustrated with reference to the accompanying drawings h which 

Fig. 1 shows the expression plasmid pYQABA 1 4276, 

Fig. 2 shows the yeast vector pAB24, 

Fig. 3 shows the DNA sequence of Ihe 0.4 Kb EcoRI-Xtel fragment from the plasmid pKFN-e64, and 

Fig. 4 shows the preparatkm of the expression plasmid pKFN-866. 

DETAILED DESCRIPTION 
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DNA-sequences encoding modified Insulin precursors were constmcted with basis In the expresskxi cassette 
which 16 contained in the BamHI restriction fragment from the expressbn plasmid pYQABA as shown in Rgure 1 ha^ 
a lenghi of 1103 basepaKs and contelns essentially the following (listed in succession starthg from the 5"-end) 'Tne 
GAPDH promoter (Travis et al.. J. Biol. Chem.. 260 (1985). 4384-M89) folk)W8d by the coding regton consisting of 
The 83 N-terminal amino acids of the MP ol -leader Eequancs encoded by the wild-type yeast DNA-<equence as 
described by Kur]an & Herskowitz foltowed by the two codons AAA and AQA encoding l4« and Arg and again folknved 
by the coding region for the insulin precursor single chain des [Thi«0|- human insulin (SCI), which is a synthetk»lly 
constructed gene uskig preferred yeast codons. After two stop^xjdons. a Sail restrictton site is posltkxied, and the rest 
of the sequence consMules the Mfal-saquence containing the tsiminator regnn. The sequence is constmcted using 
entirely standard techniques. 

"[^f eniptoyedwas "oligonucleotide site directed mutagenesis', which is described by Zoller&Smith, DNA 
\tol3. No. 6 (1 984), 479-W8. The method is briefly described in the folkiwing, and is described thoiou^ly in Example 
1 . The InsuUn precursor sequence is isolated from the expresston plasmU and hserted Into a single-stranded genom 
circular Ml 3 bactariophaga vector. A chemically synthesized coiTf)lamentary DNA^lrand is than annealed to the sinl 
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gla-stranded genom. The DNA-strand contains the desired sequence surrounded by sequences complstely homolo- 
gous to Insulin sequences on the clrcurlar DNA. The primer is then extended In vftro Into the entire length of the circular 
genom biochemically using Klanowpolymarase. This strand will give rise to single-etranded phages, which when grown 
in E coy give the possibility of Isolating double^tranded DMA with the desired sequence. From this double^tranded 
DMA. a restriction fragment can be isolated and reinserted into the expression vector. 

MODES FOR CAnRYING OUT THE INVENTION 



The Invention Is further illustrated by the following Examples. 
EXAMPLE I 



Construction of an expression plasmid, which can be used to express desphsBSSj-SCI. 

The expression cassette, which is contained in the expression plasmid pYGABA (shown In Figure 1) on a BamHI 
restriction fragment, was isolated: The expression plasmid was incubated with the restriction endonuclease BamHI 
The conditions were: 20 jig of plasmid. 50 units of BamHI. 100 mM NaCI, 50 mM TrIs-HCI. pH 7.5. 10 mM MgCU and 
1 mM DTT in a volume of 100 ^litres. The temperature was 37»C and the reactbn time 2 hours. The two DNA-fragmants 
were separated on a 1% agarose gel, and the desired fragment was isolated. 

Ligation to the M13 vector MlSmpie: 

The isolated restriction fragment was ligated to the bacteriophage vector Iy/I13mp18 also cut with the restriction 
endonuclease BamHI in the following reaction mixture: Fragment 0.2 ^ig, vector 0,02 mq, 60 mM TrIs-HCI, pH 7 4 10 
mM Mgcla. 10 mM DTT and 1 mM ATP in a volume of 20 ^ilitres. 5 jilitres of this mixture were transformed into ttis E 
coll strain JM101. The presence of fragment In the vector and the orientation of the fragment was determined by 
restriction enzyme mapping on double-elranded M13-DNA Isolated from the transfformants. 

Isolation of sihole-stranded fss^ DNA (template)! 

From the transfbmiant described above ss-DNA was isolated according to a method described by Messina In 
Gene, J9 (1 982), 269-276. 

S'Dhosphowl atton of the mutaoenlsatlon primer 

The mutagenlsation primer with the sequence 5'-TTGGAGTGTAGAAACCTCTT-3' was phosphorylated In the 6'- 
end in a 30 ^litres reaction mixture containing 70 mM Tris-HCI. pH 7.0. 1 0 mM MgClg. 5 mM DTT. 1 mM ATP 100 pmol 
oligonucleotide and 3.6 units of T4 polynucleotide kinase. The reaction was carried out for 30 min. at 37»C 'Then the 
enzyme was inactivated by Incubating the mbcture for 10 mIn. at 65»C. 

Annealing of template an d phosphorvlated mutaQenisation primer 

Annealing of template and primer was carried out H a 10 ^litres volume containing 0.5 pmol template, 5 pmol 
primer, 20 mM Tris-HCI. pH 7.5, 10 mM MgCfe, 50 mM NaCI and 1 mM DTT by heating for 10 min. at es-C and coolina 
afterwards to O^C. ^ 



Extenslon/liqation reaction: 

To the region mixture above, 10 ^litres off the followrig mixture were added: 0.3 mM dATP, 0 3 mM dCTP 0 3 
mM dGTP, 0.3 mM dTTP 1 mM ATP. 20 mM Tris-HCI. pH 7.5. 10 mM MgCI^. 10 mM DTT. 3 units of T4 DNA ll^se 
and 2.5 units of Klenow polymerase. Then, the reaction was carried out for 16 hours at 16-C. 

Transformation of Jm1Q1: 

The reaction mixture above was transformed in different dilutions Into CaC^-treated E. coll JM101 cells using 
Standard techniques and plated In 2 x YT topagar on 2 x YT agar plates. (2 x YT = tryptone 16 g/lltre. yeast extract 1 0 
g/litre. NaCI 5 goitre. 2 x YT topagar = 2 x YT with 0.4% agarose added and autoclaved. 2 x YT agar plates = 2 x YT 
with 2% agar added and autoclaved). The plates were Incubated at src overnight. 
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Idantificalion ot ooBKiwa elonas: 



The method used was plaque-lift hybridlsalian which is descrbsd in the following: a nHrocellulose-niter was placed 
on a plate with a suitable plaqu»<len8ity, so that the filler was welted. The filter was then bathed in the tollowHa 
solutions: 1.5 M NaCI. 0.5 M NaOH tor 30 sec., 1 .5 M NaCI, 0.5 M Tris-HCI. pH 8.0 for 1 min., 2 x SSC (0 3 M NaCI 
0.03 M sodium citrate) till later use. TTie filter was dried on 3MM filter paper and baked tor 2 hours at BO-C in a vacuum' 

oven. 

The mutagenisab'on primer with the sequence STrGGAGTGTAGAAACCTCTT-a' was labelled ladioactively In the 
5" end in a 30 iilltres volume containing 70 mM Tris-HCI. pH 7.5, 10 mM MgClg, 5 mM DTT. 10 pmol oligonucleotide, 
20 pmol y-32P-ATP and 3.5 units of T4 polynucleotide kinase. The mixture was incubated at 37»C for 30 min and than 
for5mln. at 100"C. 

The dried filter was prehybridised for 2 hours at 65'C in 6 x SSC. 0.2% bovine-seium albumin, 0.2% Ficoll 0 2% 
polyvinylpyrrolidon.0.2%sodium-dodacyl-eulphate(SD8)and50^gftnlaalmon-apeimDNA.Then.tt^^ 
containing the labelled probe wasadded to 1 5 ml of fresh prehybrldisalicn mix, and thefilter was bathed herein overnight 
at 28»C with gentle shaking. After hybridisalnn the filter was washed 3 times for each 1 5 min. in 2 x SSC + 01% SDS 
and auloradtographed. After wash In the same solutton, but now at 52'C, and another autoiadiogiaphy, plaques con- 
taining DMA-sequences complementary to the mutagen isation primer were identified. 

Re-screening ot posMve clones : 

Because the kJentified clone is a result of a heteroduplex, the plaque was plated again. The hybridisatton and 
identificatk)n were repeated. 

Purificahon ot doubla-stfanded MlSKihaga DNA : 

A re-screened ctone was used for infection of the E. coli strain JM101. A culture containing apprmimately lO^ 
phages and 5 colonies of JM101 was grown tor 5 hours in a 5 ml 2 x YT medium at 37»C. Then, double-stranded 
circular DNA was purified from the pellet according to a method described by BImbolm & Doiy, Nucleic Acids Res., 2 
(1979), 1513. 



Isolaflon of a restriction Iraom ont contalnino modified Insulin oreeursor 

The DNA-preparatlon (appr. 5^9) Isolated above was digested with 10 unltsof the restriction endonuclease BamHI 
in 60 Mlrtres of 100 mM NaCI, 50 mM Tris-HCI, pH 7.5. 10 mM MgCI^. and 1 mM DTT for 2 hours at 37»C The DNAr 
products were separated on an agarose-gel. and the fragment was purified from the gel. 

Ligation to the yeast vector dAB24 (Fiaura 2) : 

The isolated restriction fragment was llgated to the yeast vector pAB24 digested with the restrictton endonuclease 
BamHI In the following reaction mixture: Fragment 0.2 ^ig, vector 0.02 ^g. 50 mM Tris-HCI, pH 7.4. 10 mM MgCfe 10 
mM DTT, 1 mM ATP in a total volume of 20 tilitres. 5 ^jJitres of this reaction mix was used for transformation of the E 
coll strain MCI 061 , In which the modified expression plasmid was Identified and propagated. The plasmid was identical 
to pYQABA. except for the deleted codon. 



Transtofmatlon of veast: 



Transformation of the expression plasmid Into the yeast strain Saccharomycee cerevlslae JC482ApepALeu2cir« 
(ot, hls4, pep4, ura3, Ieu2, cir*) was carried out as described by llo et al., J. Bad., Vbl. 163, No. 1 , (1983) 163-168 
The transformed cells were plated on SC-ura medium (0.7% Yeast Nitrogen Base, 2.0% glucose, 0.5% casar^ino acids 
2.0% agar) for selection for plasmid-containing cells. 

EXAMPLE II 



Consinjctton of an expression plasmid, which can be used for production of des[7VrB26].sci. 

The procedure used was essentially the same as described In example I . except thai the mutagenisatlon prtner 
had the sequence S'-ACCCTTTGGAGTGAAGAAACCTCT-S'. that the hybridization temperature was 36»C arid that 
the washing temperature after hybridization was 60»C. The modified plasmid has a sequence Idenlical to dYQABA, 
except for the deleted codon. r ^ 
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EXAMPLE III 



Construction of an expression plasmid, which can be used for production o1 [HisB25]^des[TyrB26]^ci. 
The procedure used was essentially the same as described in example I, except that the mutagenlsatlon pmer 
s had the sequence 5'-AATACCCTTTGGAGTGTGGAAACCTCTTTCACC-3', that the hybridization temperature was 
43«C, and that the washing temperature after hybrldlzatbn was 6e»C. The modified plasmid has a sequence iderrtica] 
to pYG ABA. except for the modified and deleted codons. 
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EXAIVIPLE IV 



Constructbn of an expression plasmid, which can bo used for production of [A8nB26],des|TyrB26j-sci. 
The procedure used was essentially the same as described in example I, except that the mutagenisation primer 
had the sequence 5*-AATACCCTTTGGAGTGTTGAAACCTCTrTCACC-3', that the hybridization temperature was 
and that the washing temperature after hybridization was 65*0. The modified plasmid has a sequence Identical 
15 to pYGABA. except for the modified and deleted codons. 



EXAMPLE V 



Expression of precursor and Isolation from the culture medium. 

Yeast, transformed as described in examples I to IV, was propagated on Petri-plates containing minimal-medium 
without uracil for 48 hours at 30*C. 100 ml shake bottles containing minimal-nrwdium without uracil + 5 g/litre casamino 
acids + 10 g/lrtre succinic acid + 30 g/litre glucose at pH 5.0 were inoculated with a single colony from the PotriiJlate. 
The bottles were then shaken at 30"C In Incubator for 72 hours. 

After centrifugalion 1 litre of pooled supernatant was sterilized by filtration and adjusted to pH 4 - 4.5 and a con- 
duclivHy < 10 mS by additfon of 6 M HCI and water. With a flow of 120 ml/hour the supematant was then applied to a 
1 .6 x6 cm column of S/Sepharose®FF previously equilibrated with 60 mM acetic acid. 50% (by volume) ethanol adjusted 
to pH 4.0 with NaOH. The column was washed with 60 ml buffer and the precursor was then sluted by a linear gradient 
of NaCI from 0 to 0.35 M In 360 ml buffer with a ftow of 10 mVhour. T^e eluate was dMded In fractions of 4 ml and 
detected for UV-absoriaance. Fractions containing precursor wore identified by RP-HPLC analysis and were pooled. 
After desatling on a column of Sephadex®G25 In 1 M acetic acid the precursor was Isolated by lyophillzatton. 

EXAMPLE VI 



Preparation of des[PheB2S]^cles[ThrB30].human aisulin. 

3S 400 mg of de8[PheB2B]-sci. prepared by the methods described In examples I and V were dissolved In 40 ml of 
50 mM tris.(hydnQxymethyl)aminomethane, 20% (by volume) ethanol adjusted to pH 9 with HCI and 40 ml (settled 
volume) of Sepharosef* containing 32 mg of immobilized trypsin in the same buffer were added. The suspenskxi was 
left for 24 hours at 8-10-C wfth gentle agltatkm and was then filtered. The gel was washed with 40 ml of buffer, and 
the pooled filtrates were applied to a 2.6 x 7.5 cm column of Q-Sepharose®FF previously equilbrated with 50 mM tris- 

"fo (hydroxymethyl)amlnomethane. 60% (by volume) ethanol, adjusted to pH 8.0 with HCI. The column was then eluted 
with a linear gradient of NaCI from 0 to 0. 1 5 M In the same buffer over 6 hours with a flow of 225 ml/hour. The eluate 
was detected for UV-absorbance and f racttons containing the main protein peak were pooled. The protein was precip- 
itated at pH 5.4 after removal of the ethanol In vacuo. 

250 mg of des[PheB25jdes[ThrB30]^uman fisulln were isolated by lyophilizatfon. 

^ The Identity of the product was confirmed by amino ackJ analysis, by plasma desorptlon mass spectrometry and 
by sequential Edman degradatkMi of the separated vinylpyridylated A-and B-chains. 



EXAMPLE VII 



Preparatton of des[PheB25).human insulin. 

200 mg of des[PheB25]^cles[ThrB30]-human insulin prepared by the methods described in example VI ware dis- 
solved in a mixture containing 400 mg of threonine methyl ester, 2.0 ml of ethanol and 0,8 ml of water. The pH value 
was adjusted to 6.3 with acetic acid and 4 ml (settled volume) of Sepharos^ containing 3.2 mg of immobilized trypsin 
were added. After standing for 2 hours at 20-C wHh gentle agltatton, the gel was removed by filtration, and the protein 
was precipitated by addition of 10 volumes of 2-propanol. TTie air-dried precipitate was redissolved in 20 mlVI trie 
(hydroxymethyl)aminomethane/HCI, 60% (by volume) ethanol, pH 8.25, and applied to a 2.6 x 20 cm Q-Sepharose^FF 
column, previously equilibrated with the said buffer, and eluted with a linear NaCI-gradlent In the same buffer Increasing 
from 0 to 0. 1 M over 1 5 hou rs at a fkiw rate of 1 25 ml/hour. The ethanol was rBmoved in vacuo from the pooled f racttons 
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containing des [Phe^]-human insulin-(B30-methyl ester), and the protein was precipitated at pH 6.1. The suspension 
was centrlfugated and the precipitate was lyoplillized. The methyl ester was then hydnoiyzed for 10 min. In cold 0.1 M 
NaOH at a protein concentration of 1 0 mg/iml. The reaction was stopped by adjusting the pH value to 8.5, and 2 volumes 
of 20 mM tri9(hydra)(ymethyl)-aminomethane/HCI, pH 8.6, were added. The solution was then applied to a 2.8 x 20 
5 cm Q-Sepharos^F column and eluted as described above. The protein was precipitated at pH 5.5 after removal of 
the ethanol In vacuo. 

80 mg of des[Phe°^]-human insulin were obtained after lyophllizatlon. 

The identity of the product was confinned by amino acid analysis, by plasma desorption nrtass spectrometry and 
by sequential Edman degradation of the separated vlnylpyrldylated A-and B-chains. 

10 

EXAMPLE VIII 

Preparation of des fTy^^.dasfThr^-human insulin. 

250 mg of des[Tyr^]-SCI, prepared by the methods described in the examples II and V, were dissolved in 25 ml 
IS of 50 mM 1ri8(hydroxymethyOaminomethane, 20% (by volume) ethanol adjusted to pH 9 with HCI and 25 ml (settled 
volume) of Sepharose^ containing 20 mg of Immobilized trypsin in the same buffer were added. The suspension was 
left for 24 hours at B-10^C with gentle agitation and was then filtered. The gel was washed with 25 ml of buffer, and 
the pooled fittrales were applied to a 2.6 x 7.5 cm column of Q-Sepharose^F previously equilibrated with 50 mM tris- 
(hydroxymethyl)amlnomethane, 50% (by volume) ethanol, adjusted to pH 8.0 with HCI. The column was then eluted 
20 with a linear gradient of NaCI from 0 to 0. 1 5 M in the same buffer over 6 hours with a flow of 225 ml/hour. The eluate 
was detected lor UV-absort>ance and fractions containing the main protein peak were pooled. The protein was precip- 
itated at pH 5.4 after removal of the ethanol in vacuo. 

130 mg of de8nVr^,de8[ThrB»>l-human Insulin were Isolated by lyophllizatlon. 

The identity of the product was confirmed by amino acid analysis and by sequential Edman degradation of the 
^ separated vinylpyridylated A- and B-chains. 

EXAMPLE IX 

Preparation of [HisB2S^des[TyrB26],des[ThrB30]-human insulin. 
30 450 mg of [HisB26],des[TyrB26]-sci, prepared by the methods described in the examples III and V were dissolved 
In 45 ml of 50 mM tris-(hydroxymethyl)amlnomethane, 20% (by volume) ethanol adjusted to pH 9 with HCI and 45 ml 
(settled volume) of Sepharose® containing 36 mg of inrvnobilized trypsin in the same buffer were added. The suspension 
was left lor 24 hours at 8-10'C with gentle agitatbn and was then filtered. The gel was washed with 40 mi of buffer, 
and the pooled filtrates were applied to a 2.6 x 7.5 cm column of OSepharose®FF prevbusly equilibrated with 50 mM 
tris(hydroxymethyl)aminomethane, 50% (by volume) ethanol, adjusted to pH 8.0 with HCI. The column was then eluted 
with a linear gradient of iSfaCI from 0 to 0. 1 5 M in the same buffer over 6 hours with a flow of 225 ml/hour. The eluate 
was detected for U V-absorbance and fractions contaiiing the main protein peak were pooled. The protein was precip- 
itated at pH 5.4 after removal of the ethanol Jn vacuo. 

200 mg of [HisB26]^desnV^^.des[Thr^0]-human insulin were isolated by lyophllizatlon. 
40 The identity of the product was confirmed by amino acid analysis and by sequential Edman degradation of the 
separated vinylpyridylated A- and B-chains. 

EXAMPLE X 

4S Preparation of [Asn^^j^cfesnVr^^.des [Thr^-human Insulin. 

1 50 mg of [AsnBasj^desPyrfi^ej-sci, prepared by the methods described in the examples IV and V were dissolved 
In 15 ml of 50 mM trie- (hydroxymethyl)amlnomethane, 20% (by volume) ethanol adjusted to pH 9 with HCI and 15 ml 
(settled volume) of Sspharose® containing 1 2 mg of immobilized trypsin In the same buffer were added. The suspension 
was left lor 24 hours at 8-10»C with gentle agitation and was then filtered. The gel was washed with 40 ml of buffer, 

BO and the pooled filtrates were applied to a 1 .6 x 10 cm column of Q-Sepharose^F previously equilibrated with 50 mM 
tris(hydroxymethyl)aminomathane, 50% (by volume) ethanol, adjusted to pH 8.0 with HCI. The column was then eluted 
with a linear gradient of NaCI from 0 to 0.1 5 in the same buffer over 6 hours with a flow of 90 ml/hours. The eluate was 
detected for UV-absorbar)ce and fractions containing the main protein peak were pooled. The protein was precipitated 
at pH 5.4 after removal of the ethanol in vacuo . 

ss 80 mg of lA8rP^][Jyr^,6eBlJhfi^-^urr\an Insulin were Isolated by lyophllizatlon. 

The identity of the product was confirmed by amino acid analysis and by sequential Edman degradation of the 
separated vinylpyridylated A- and B-chains. 
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EXAMPLE XI 



Preparation of [Asp^iJ.despheBZBj^desfThr^-human insulin. 

60 mgof des[PheB2S]^des[ThrB30]-human Insulh prepared by the methods described In example VI were dissolved 
5 in 10 ml water by adjusting the pH value to 2 with 1 M HCI. The solution was then left tor 16 tfays at 30PC. Aftercooling 
(to 20^*0) 7.5 g of urea were added arxi the pH value was adjusted toS.I with 1 M NaOH. The solution was then applied 
to a 1.6 X 20 cm Q-Sepharose^FF column, previously equilibrated with 20 mM trls(hydroxymelhyl)-aminomelhane/ 
HCI, 7 M urea, pH 8.1 at 4"C. and eluted with a linear NaCI-gradient in the same buffer increasing from 0 to 0.05 M 
over 24 hours at a flow rate of 40 ml/hour. The pooled tractions cc^talning the protein from the last elating peak were 
10 desalted on a column of Sephadex%25 In 1 M acetic acid and tyophilized. 

30 mgof [A8pA2^],des[PheB26]^des|ThrB30]-human [ThrBsoj-hunnan insulin were obtained. 

The identity of the product was confirmed by amino acid analysis, by 5-step Edman degradation and by C-1enninal 
analysis using carboxypeptidase A. 

IS EXAMPLE XII 

Preparation of [Serial ),das[ProB28]4^unr«n ]-hunnan insulin. 

Construction of an expression plasmid which can be used lor production of [Ser«i],des[ProB2B]-human Insulin 
and preparation of [Ser^^ldespro^^ej^un^Qp Insulin. 

20 A pUC-1 9 derived plasmid, pKFN-864, encoding this analogue was constmcted by gapped duplex mutagenesis 
(Y. Morlnaga et al., Biotechnology 2 (1984). 636^) of plasmid pKFN-734 using the two mutagenic primers NOR- 
648 CTAGAGCCTGCGGGCTGCGTCTAGCTGCAGTAG and Nor-746 ATTGTTCGACAATACCCTTAGCAGCCTT- 
GQTQTAQAAQAAACCTCTTTCACC. Plasmid pKFN-734 was constructed by llgating the 0.4 kb EcoRI-Xbal fragment 
encoding a synthetic yeast signal-leader fused in-frame to a synthetic Insulin precursor gene B(1-29) -AlaAlaLys-A 

2S (1-21) from plasmid pLaC212spx31o the 2.7 kb EcoRI-Xbal fragnnent from pUC-19 (C. Yannisch-Perron et al., Gene 
33(1986), 103-119). 

Plasmid pLaC21 2spx3 is described In Examp le 3 and in Fig. 6 and 1 3 of International Patent Applicatbn Publicatbn 
No. WO 89^)2463. 

The DNA sequence of the 0.4 kb EcoRI-Xbal fragment from pKFN-fl64 encoding signal-leader-insulin B(1-29, 

30 des28 Pro)-AlaAlaLys-A(1 -21,21 Ser) is given in Fig. 3. 

pKFN-e64 was cut with EcoRI and Xbal and the 0.5 kb fragment was Ilgated to the 9.5 kb Ncol-Xbal fragment 
from pMT636 and the 1.4 kb Ncd-EcoRI fragment from pMT636, resulting in plasmid pKFN-866, see fig, 4. Plasmid 
pMT636 was constructed from pMT608 alter deletion of the LEU-2 gene and from pMT479. see fig. 4 pMT608 Is 
described in EP 195 691. pMT479 Is described in EP 163 529. pMT479 contains the Schizosaccharomvces pombe 

35 TPI gene (POT), the S, cerevjsjae triosephosphate isomerase promoter and terminator, TPIp and TPI-p (Alber, T. and 
Kawasaki, G. J. Mol. Appl. Gen. ^ (1 982). 41 ^-AM). Plasmki pKFN-866 contains the following sequence: 
TPIp-signal-leader-insulin B(1-29, des28 Pro)-AlaAlaLy5-A(1-21, 21 Ser) -TPIj. 

S. cerevislae strain MT683 (E2-7B XE1 1 -36 a/a, AtpiAtpl, pep 4-3/pep 4-3) was grown on YPGaL (1 % Bacto yeast 
extract, 2% Bacto peptone, 2% galactose. 1% lactate) to an O.D. at 600 nm of 0.6. 

^ 100 ml of the resulting culture was han/ested by centriluga1k)ni washed with 10 ml of water, recentrifuged and 
rssuspended in 10 ml of a solution containing 1.2 M sorbitol, 25 mM N^DTA pH = 8.0, and 6.7 mg/ml dithbtreitol. 
The suspenston was Incubated at 30'C tor 15 minutes, centrtfuged and the cells resuspended In 1 0 ml of a solutbn 
containing 1.2 Msorbitol. lOmM NagEDTA, 0.1 M sodium citrate, pH = 6.8, and 2 mgNovozynrt® 234. The suspension 
was incubated at dO'^C for 30 minutes, the cells collscted by centrifugatlon, washed in 10 ml of 1 .2 M eorbrtol and 10 

45 ml of CAS (1.2 Msorbitol, lOmMCaClg, 10mMTrisHCL(Trl3 = Tris(hydrQxymethyl)amlnometiiane)pH = 7.5)and 
resuspended In 2 ml of CAS. For transfonnatbn 0.1 ml of CAS-resuspended cells were mixed witii approximately 1 
\xg of plasmW pKFN-866 and left at room temperature for 15 minutes. 1 ml of (20% polyethylenglycol 4000, 10 mM 
CaClg, 10 mM Tris HCI, pH = 7.S) was added and the mixture left for further 30 minutes at room temperature. The 
mixture was centrifuged and the pellet resuspended in 0.1 ml of SOS (1 .2 M sorbitol, 33% vA^ YPD, 6.7 mM CaCl2, 14 

so |ig/ml leucine) and Incubated at 30'*C for 2 hours. The suspenskxi was then centrifuged and the pellet resuspended 
in 0.5 ml of 1 .2 M sorbitol. Than, 6 ml of top agar (the SC medium of Sherman et al., (Methods in Yeast Genetics, Cold 
Spring Harbor Laboratory, 1981) containing 1.2 M sorbitol plus 2.6% agar) at 5?C was added and the suspension 
poured on top of plates containing the same agar-solidified. soriaitol containing medium, Transformant colonies were 
picked after 3 days at 30°C, relsolated and used to start Ikiuld cultures. One such transformant KFN-883 was selected 

^ for further characterization. 

Yeast strain KFN^a3 was grown on YPD medium (1% yeast extract. 2% peptone (from Difco Laboratories), and 
2% glucose). A 10 ml culture of the strain was shaken at 30*C to an O.D. at 600 nm of 20. After centrifugatlon tiie 
supernatant was analyzed by HPLC as described (L Snel at al., Chromatographia 24 (1 987), 329-332). The yiski was 
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about 0.14 mg/lrter of hsulin B(1 -29, das 28 Pro)-AlaAbLys-A(1 -21 . 21 Ssr). 

The single chain Insul in precursor was isolated from the fermentation supennatant by adsorption to an ion ejKrfiange 
column at low pH. desorptbn at high pH and precipitation of the pool by zinc ions. Transpsptidation of the precursor 
to [Ser^],des[ProB2a],[ThrB30-oMe]-tiuman insulin was as foltows: 

s 10 mmol (2.35 g) of threonine methylesterand glacial acetic acid was dissolved in DMF to give 5 ml, 2.6 ml 76.5% 

v/v DMF in water was added and 0.5 g of precursor was dissolved in the mixture, which was Icept at 12"C; then 60 mg 
of trypsin in 1 .25 ml 0.05 U calcium acetate was added and after 24 hours at 12''C the reaction mixture was added to 
100 mi o1 acetone for precipitatbn of the peptides, which were spun down and dried in vacuo. 

The isolated insulin analogue ester was purified on a preparative HPLC column using a siilca-CI 8 matrix at acidic 

10 pH. Then the purified ester was hydrolyzed in aqueous medium at pH 10 and 25«C for 24 hours. The [SerA2i],des 
[ProB28]-hunian Insulin formed was precipitated at neutral pH with zinc ions. The precipitate was purified by anion 
exchange chromatography and subsequently desalted by gel filtration. Yield of lyophilized [Ser^i].des[Pro^-human 
insulin was 102mg. 

IS EXAMPLE Xili 

Preparation of des[Thr^7]-human insulin. 

1 g 01 Zn-lree porcine insulin was dissolved in 40 ml of water by adjusting the pH value to 9, and a solutfon of 50 
mg of porcine trypsin In 10 ml of 0.25 M ammonium hydrogen carbonate ad|usted to pH 9 with ammonia solution was 

so added. The solution was then left at 4*C and after 48 hours a yield of 65% was lound by HPLC analysis. The reaction 
mixture was then gel filtrated at 4^*0 on a 6 x 90 cm column of SephadeX® G50 superfine h 0.05 M ammonium hydrogen 
carbonate with a flow of 90 ml per hour. Fractions containing the main protein peal^ were pooled and lyophilized. The 
yield was 520 mg of des{B23-B30)-hunnan Insulin. 

A peptide wHh the sequence Giy-Phe-Phe-Tyr-Pro-Lys-Thr was synthesized on a PAM resh by means of protected 

^ symmetrical amino acid anhydrides by means of a peptide synthesis apparatus from Applied Biosystems. Finally, the 
peptide was cleaved from the resin by anhydrous hydrogen fluoride at 0"C, whereby the remaining protecting groups 
were simultaneously removed. 

200 nr>g of des(B23-B30)-human insulin and 400 mg of peptide were dissolved in a mixture of 2.40 mi of dimethyl 
formamide and 1 .20 mi of water and the pH-value of the mixture was adjusted 6.6 with triethyl amine. 1 0 mg of porcine 

30 trypsin In 0.20 ml of water was then added and the reaction mixture was left at 20*C for 4 hours. The reaction was 
then stopped by addition of 25 ml of 2-propanol and the precipitated proteins were Isolated by cenlrifugatlon. The 
drained precipitate was redissoived in 10 ml of 1 M acetic acid and applied to a 2.6 x 20 cm column of LichropreF^ 
RP-18 (25-40 ^m) previously equilibrated with 0.5 mIM hydrochloric acid, 0.1 M sodium chloride In 30% (by volume) 
ethanol. The column was then eluted at 20*C at a flow of 20 mi per hour with the same buffer but with a linear increase 

35 of the ethanol content to 50% over 24 hours. The eluate was monitored tor UV-absorption and fractions containing the 
main protein peak were pooled. The protein was precipitated by dilution with the same volume of water and adjustment 
of the pH-value to 5.6 with sodium hydroxide solution, and after starxJing at 4*C for 1 hour the precipitate was isolated 
by oemrifugatlon and lyophillzatlon. 

The yield was 80 mg of desfrhr^^^-human insulin, which was identified by eequentiai Edman degradation of the 

^ separated vinyl-pyridyiated A- and B-chains. 

EXAMPLE XIV 

Formulation of Injectable solution. 
^ 60 nmoies of a human Insulin analogue according to the invention were dissolved In 4 ml of 0. 1 M HCI and 20 ml 
of 1 .6% m-cresol were added. The solution is now mixed with 40 mi of 4% glycerol and 20 ml of 65 mM disodium 
hydrogen phosphate, and the pH value was adjusted to 7.3. Finally the solution was adjusted to 100 ml with water and 
eterilized by filtration. 

so EXAMPLE XV 

Evaluation of the degree of association. 

A 2.6 cm x 88 cm column of Sephadax®G-75 was equilibrated with 1 3 mlW sodium phosphate bulfer pH 7.3 with 
a flow of 22 mi/hour. Byappilcationof des-(octapeptlde-B23-30).human Insulin, cytochrome C, rtoonuclease and nwno- 
» and dimeric myoglobin as molecular weight markers a cun/e representing the molecular weight as a function of the 
elution volume was drawn. 

By application of 1 ml of solution containing 0.6 mM Zn-free human Insulin orO.6 mM Insulin analogue and prepared 
as described in example XII it was found that Zn-free human insulin elutes as a tailing peak with an apparent molecular 
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weight of ^1 4 kD and that the analogues prepared as described in the examples VI to X all were eluted as a symmetric 
peak with an apparent molecular weight of »5 kD. 

These results indicate that human insulin analogues according to the bivantion are essential monomeric in solu1k}n 
at pH 7.3, whereas the normal human Insulin under the same conditions to a high degree appears as a mixture of 
dimers and higher oligomers. 

EXAMPLE XVI 

Evaluation of bk)logk:ai activity: 

The biological activity in vitro was determined by measuring the binding affinity to the insulin receptors of isolated 
ral adipocytes and hepatocytes esserrtlally as described h J. Qllemann, S. Gammettoft: Diabetok)gla 10 (1974), 
105-113. 

The insulin analogues were compared to semisynthetic human insulin, the potency of which was set to 100%, and 
the results are shown in the table beksw: 





Adipocytes 


Hepatocytes 


des[PheB^],des[ThrB30]-human insulin 


223% 


201% 


des[PheB26]-hunr«n Insulin 


225% 


249% 


[AspA2i]-cie8[PheBaB],desIThrB30]-human Insulin 


250% 


242% 



The features disck)8ed in the foregoing description, in the following claims and/or in the accompanying drawings 
may. both separately and In any combination thereof, be material for realising the inventtem In diverse forms thereof. 



Claima 



Claims for the following Contracting Statos : AT, BE, CH, DE, FR, QB, IT, LI, LU, NL, SE 

1. Human insulin anatogues, characterized In that they have a positively charged amino acW residua, i.e. Lys or 
Arg, in position B28, i.e. in position 8 In the B-chaln calculated from [GlyB^O], that they optionally are further modified 
In the C-terminal end of the B-chain from [Phe^] to the C-terminal amino acid residue, with the proviso that there 
is no Pro in Positksn B29, and that optbnaliy A21 and/or 83 are differant from Asn. 

2. Human insulin analogues, characterized in that they have the fdbwing formula: 
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A-Chain s s 



H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 



B-Chain 



S 



H-Phe-Val-Y2--Gln-His-Leu-Cys-Gly'-Ser-His-Leu-Val 
123456789 10 11 12 

A-Chain (contd,) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 



Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Giy-Phe~ 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 



X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 



wherein , X3. and Yg are any naturally occurring amino acid residue; X4 Is Lys or Arg; ^5 Is selected from 
the group consisting of any naturally occurring amino acid residua except Pro; and Xg is any naturally occurring 
ammo acid residue carrying the G-temiinal hydroxy group or -OH or Xg and Xg together form the C-termlnal hydroxy 



3. Human Insulin analogues according to claim 2, wherein Y^ and^or Yg Is selected from the group consisting of any 
naturally occurring amino acid residue except Asn. 

4. Human insulin analogues according to claim 2, wherein 

Xi is selected from the group consisting of Phe. Ala, His, Thr, Ser, Asn or lyr; 

X2 is selected from the group consisting of Tyr, Thr, Glu, Asp, Ala, His, Ser or Phe; 

Xg fs selected from the group consisting of Prt>, Glu, Asp, Ser, Thr or His; 

Xg is selected from the group consisting of Lys, Thr, Ser, Ala, Asp, or Glu; 

Xe is selected from the group consisting of Thr-OH, Ser-OH, Aia-OH, Asp-OH, Qlu-OH or -OH, or Xg and Xg 

together form the C-torminal hydroxy group; 

Y, is selected from the group consisting of Asn, Asp, Gly, Ser. Glu or Ala and 

Yg is selected from the group consisting of Asn, Gin, Glu or Asp. 

5. Human Insulin analogues according to claim 2, wherein 

X, fs selected from the group consisting of Phe, Ala. His, Thr, Ser, Asn or Tyr; 

X2 is selected from the group consisting of Tyr, Thr, Glu, Asp, Ala, His, Ser or Phe; 

X3 is selected from the group consisting of Pro, Glu, Asp, Ser, Thr or His; 

Xg is selected from the group consisting of Lys, Thr, Ser, Ala, Asp, or Glu* 

Xe isOH; 



B-Chain (contd.) 




S 



group. 
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Yi is selsctad from the group consisting of Asn, Asp, Gly, Ser, Glu or Ala and 
Y2 Is selected from the group consisting of Asn, Gin, Qlu or Asp. 

6. Human Insulin analogues according to claim 2. wherein 



X, is selected from the group consisting of Phe, Ala, His, Thr, Ser, Asn or Tyr; 

Xg is selected from the group consisting of Tyr, Thr, Glu, Asp, Ala, His, Ser or Phe; 

Xg Is selected from the group consisting ot Pro, Glu, Asp, Ser, Thr, or His; 

Xs and Xg together torm the C-tenmlnal hydroxy group; 

Yi is selected from the group consisting 0I Asn, Asp, Gly, Glu, Ser or Ala, and 

Y2 is selected from the group consisting of Asn, Gin, Glu or Asp. 



7. Human insulin analogues according to claim 2, wherein X, is Phe; »s Tyr; X3 is Thr; Xg is Lys; is Thr-OH; Y, 
is selected from the group consisting of Asn. /tep, Ser or Gly and Yg Is selected from the group consistmg of Asn 
Gin, Asp or Glu. 

e. Human insulin analogues according to claim 2, wherein X^ Is Tyr; Xg is Thr; Xg is Pro; X5 is Thr; Xg » -OH; Y. is 
selected from the group consisting of Asn, Asp. Ser or Gly and Yg Is selected from the group consisting ci Asn. 
Gin, Asp or Glu. 

9. Human insulin analogues according to claim 2, wherein X^ is Phe; Xg is Thr; Xq is Pro; Xs is Thr; Xg Is -OH; Y, Is 
selected from the group consisting of Asn, Asp, Ser or Gly and Yg Is selected from the group consisting of Asn 
Gin. Asp or Glu. 

ia Human insulin analogues according to cym 2. wherein X, is Phe; Xg is Tyr; X3 is Pro; Xg Is Thr; Xe is -OH; Y, is 
selected from the group consisting of Asn, Asp. Ser or Gly and Y2 Is selected from the group consisting erf Asn 
Gin, Asp or Glu. 

11. Human insulin analogues according to cl&im 2, wherein said X, amino acid is uncharged and has a carbon atom 
In the gamma-posrtbn which Is sp2-hybrldteed and Xe is -OH. 

12. Human insulin analogues according to claim 1 1 , wherein Y^ and Yg are selected from the group consisting of any 
naturally occurring amino acid residue except Asn and X^ is selected from the group consisting of any naturally 
occurring amino acid residue except Thr and Pro. 

13. Human insulin analogues according to claim 11 , wherein Xg and X^ together form -OH. 

14. I=^rmaceutlcal composition comprising a human insulin anabgue having the fbllowing formula: 



18 



EP0375437B1 



A-Chain 



-S 



H-Gly-Tle-Val 
12 3 



Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
4 5 6 1 8 9 10 11 12 
S 



B-Chain 



S 



I 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val 
123456789 10 11 12 

A-Chain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 



Glu-Ala-LeU"Tyr~Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd*) 



X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 



wherein , Xg. X3. Yi and Yg are any naturally occurring amino acid residue; X4 Is Lys or Arg; Xb Is selected Irom 
the group consisting 0I any naturally occurring anr^ino acid residue except Pro; and X^ is any naturally occuning 
amino acid residue carrying the C-lermhal hydroxy g roup or -OH or Xg and X© together form the C-terminal hydroxy 
group or a pharmaceutically acceptable salt thereof and a pharmaceutlcaily acceptable earner. 

15. The pharmaceutical composition according to claim 14. wherein said Insulin analogue exhibits low solubility at pH 



16. The pharmaceutical composition according to claim 15. wherein said insulin analogue is essentially monomeric. 

17. The phamraceutical composition according to claim H wherein sakJ phannaceutlcai composition Is tonnulaled 
as an aqueous solution. 

ia The pharmaceutical composition according to claim 14, wherein said phamnaceuticai composition is formulated 
as an aqueous suspension, 

19, The pharmaceutical composition according to claim 14, wherein said pharmaceutically acceptable carrier is an 
aqueous. Isotonic solution. 

20, The phamiaceutlcai composition according to claim 17. IB or 19, wherein said aqueous solution, aqueous sus- 
pension or aqueous isotonic solution further comprises zinc ions andfor a buffer, such as acetate or citrate and/br 
a presewotlve such as m-cresoi. methylparaben or phenol. 

21, The pharmaceutical composition of claim 14, whareh said pharmaceutical composition comprises more than one 
Insulin analogue. 



B-Chain (contd.) 




S 
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22. The pharmaceulical composition according to claim 14. wherein said pharmaceutical composition Is formulated 
for mucosal or transcutaneous administration. 

23. The pharmaceutical composition according to claim 14, wherein said pharmaceutical composition Is formulated 
for parenteral administration. 

24. The pharmaceutical composition according to claim 14, wherein Xg Is selected from the group consisting of any 
naturally occurring amino acid residue excepl Pro. 

25. The pharmaceutical composition according to claim 14 or 24, wherein and/or is selected from the group 
consisting of any naturally occurring amino acid residue except Asn. 

2& The pharmaceutical composition according to claim 14, wherein 

X, is selected from the group consisting of Phe, Ala, His, Thr, Ser, Asn or Tyr; 

Xg Is selected from the group consisting of Tyr, Thr. Qiu, Asp, Ala, His, Ser or Phe; 

Xg is selected from the group consisting of Pro, Glu, Asp, Ser, Thr or His; 

Xg Is selected from the group consisting of Lys, Thr, Ser. Ala. Asp, or QIu; 

Xe Is selected from the group consisting of Thr-OH, Ser-OH, Ala-OH. Asp-OH. Qlu-OH or -OH, or Xg and 

together form the C-terminai hydroxy group: 

Yi Is selected from the group consisting of Asn, Asp, Giy, Ser, Glu or Ala and 

Y2 is selected from the group consisting of Asn, Gin, Glu or Asp. 

27. The pharmaceutical composition according to claim 14, wherein 

Xi is selected from the group consisting of Phe, Ala. His. Thr, Ser. Asn. or Tyn 

X2 is selected from the group consisting of Tyr. Thr, Giu, Asp, Ala, His, Ser or Phe; 

Xg is selected from the group consisting of Pro, Glu, Asp, Ser, Thr or His; 

Xg is selected from the group consisting of Lys, Thr, Ser, Ala, Asp. or Glu; 

Xe is OH; 

Yi Is selected from the group consisting of Asn. Asp, Gly, Ser, Glu or Ala and 

Yg is selected from the group consisting of Asn, Gin, Glu or Asp. 

2a The phanrtaceutical composition according to claim 14. wherein 



^1 » selected from the group consisting of Phe. Ala, His, Thr. Ser, Asn or Tyr; 

X2 is selected from the group consisting of Tyr, Thr, Glu. Asp, Ala, His, Ser or Phe; 

Xg is selected from the group consisting of Pro^ Glu, Asp, Ser. Thr, or His; 

Xg and together form the C-temriinal hydroxy group; 

Yi Is selected from the group consisting of Asn, Asp, Gly, Glu, Ser or Ala, and 

Y2 is selected from the group consisting of Asn, Gin. Glu or Asp. 



29. The phamiaceutical composition according to claim 14, wherein X, is Phe; )^ Is lyr; Xg Is Thr; Xg is Lys; Xg Is 

Thr<)H;YT is selected from thegroup consisting of Asn, Asp. Ser orGlyandYgis selected fromthegro^^ 
of Asn, Gin, Asp or Glu. 

30. The pharmaceutical composition according to claim 14, wherein X, is Tyr; X^ Is Thr; Xa Is Pro; Xb ® Thr; is - 
OH; Y^ is selected from the group consisting of Asn, Asp, 8er or Gly and Yg is selected from the group consisting 
of Asn, Gin. Asp or Glu. 

31. The pharmaceutical composition according to claim 14, wherein X, is Phe; Xg is Thr; X3 is Pro; is Thr; Xg is - 
OH; Y^ is selected from the group consisting of Asn, Asp, Ser, or Gly and Yg Is selected from the group consisting 
of Asn, Gin, Asp or Glu. 

3Z The pharmaceutical composltbn according to claim 14. wherein X^ Is Phe; X2 Is Tyr; X3 Is Pro; Xg Is Thr; Xg is - 
OH; Yi is selected from the group consisting of Asn, Asp. Ser or Gly and Yg is selected from the group consisting 
of Asn, Gin, Asp or Glu. 
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3d. The phairnacauticalcomposKion according to claim 14. wherein said X, amino acid is uncharged and has a carbon 
atom In the gamma-position which Is sp2-hybrldjzed and Is -OH. 

34. The pharmaceutical composition according to claim 33, wherein and Yg are selected from the group consisting 
of any naturally occurring amino acid residua except Asn and is selected from the group consisting of any 
naturally occurring amino acid residue except Thn 

35. The pharmacautical composition according to claim 33, wherein and togehter fomn -OH. 

36. A process for preparing a human insulin analogue having the following fomnula: 



A-Chain S — 5 

I 7 1 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 1 8 9 10 11 12 

S 

B-Chain S 

! 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val- 
1234 567 89 10 11 12 

A-Chain ( contd . ) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 

I 

B-Chain (contd.) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain ( contd •) 



X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 



wherein X,, X2, X3, and Y2 are any naturally occurring amino acid residue; X4 is Lys or Arg; X5 is selected from 
the group consisting of any naturally occurring amino acW residue except Pro; and Is any naturally occurring 
amino acid residue carrying the C-terminal hydroxy group or -OH or Xg and together form the C-terminal hydroxy 
group, wherein a DMA sequence encoding a precursor of the insulin analogue In question Is inserted Into a suitable 
yaast expression vehicle which, when transferred to yeast, Is capable of expressing and secreting the precursor 
of the insulin analogue in which [LysB?B] . [ArgB2ei[LysB29] or [ArgB2e| je oonnected to Gly^i by a peptide bond or 
a peptide of the formula ill 



-R(n)-R(1)- 

wherein R is a peptide chain with n amino acid residues, n Is an integer from 0 to 33 and R(l ) is Lys or Arg, the 
transformed yeast strain is cultured in a suitable nutrient medium, and the precursor is recovered from the culture 
broth and reacted with an amino compound of the formula iV 
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Q-QR- 

wherein Q is a single amino acid residue and R" is a carboxy protecting group sucii as methyl or tert-butyl, using 
tiypsin or trypsin-like enzyme as a catalyst in a mixture of water and organic solvents, whereupon the carboxy 
protecting group Is removed and the insulin analogue is isolated trom the reaction mixture, or 
an insulin analogue precursor in which the C-terminai amino acid is different from Lys or Arg, said precursor having 
a bridge of a single pair of basic amino acids selected from the group consisting o1 Lys and Arg between the C- 
terminal and GlyAi may be isolated and then converted into the insulin analogue by enzymatic treatment using 
trypsin and cartsoxypsptidase B. 

37. A process for preparing a human insulin analogue having the following fomriuia: 



A-Chain s — S 

I 7 I 

H-Gly-Ile~Val-Glu-Gln-Cys-Cys-Thr-Ser-rie~Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 

B-Chain s 

I 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val 
1 2 34567 8 9 10 11 12 

A-Chain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 

I 

B-Chain (contd.) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 

wherein X, , X2, X3, Y, and Y2 are any naturally occurring amino acid residue; )Q is Lys or Arg; is selected trom 
the group consisting of any naturally occurring amino acid residue except Pro; and Is any naturally occurring 
amino acid residue carrying the Olermfiaihydroxygroup or -OH or Xg and Xg together form the C-termlnal hydroxy 
group, wherein de8(B23-B30)-human Insulin is prepared Ijy treating an Insulin with trypsin to cleave off the 
(B23-B30)-amino acids, the desired peptide of six to eight amino acids is synthesized, the resulting peptide is 
coupled to ctes(B23-B30)-human insulin, and the resulting insulin analogue Is Isolated from the reaction mbclure. 

3a The use of a compound according to any of claims 1 to 1 3 for the preparation of a modicamenl for use in the 
treatment of diabetes. 
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Claims for th* fellowinB Contnwting State : E8 

1 . A process for preparing a human insulin anabgua having the following formula: 



A-Chain S S 

I 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 

B-Chain s 

I 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val- 
123456789 10 11 12 

A-Chain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 

I 

B-Chain (contd.) s 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 



wherein X,, Xg, X3. and Y2 are any naturally occurring amino acid residue; K| is Lys or Arg; X5 Is selected from 
the group consisting of any naturally occurring amino acid residue except Pro; and Is any naturally occurring 
amino acid residue carrying the C-terminal hydroxy group or -OH or and Xg together form the C-terminal hydroxy 
group, whereh a DNA sequence encoding a precursor of the Insulin analogue In question Is Inserted Into a suitable 
yeast expression vehicle which, when transferred to yeast, Is capable of expressing and secreting the precursor 
of the Insulin analogue In which [LysB^Bi , [ArgBSS]. [LysBasj or [Argezq connected to QlyAi by a peptide bond 
or a peptide of the formula III 



-R(n)-R{l)- 

wherein R is a peptide chain with n amino acid residues, n is an integer from 0 to 33 and R(1) is Lys or Arg, the 
transformed yeast strain Is cultured In a suitable nutrient medium, and the precursor Is recovered from the culture 
broth and reacted with an amino compound of the formula IV 

Q-QR" 

wherein Q is a single amino acid residue and R" is a carboxy protecting group such as methyl or tert-butyl, using 
trypsin or trypsln-IIke enzyme as a catalyst in a mixture of water and organic solvents, whereupon the carboxy 
protecting group is removed and the insulin analogue is isolated from the reaction mixture, or 
an insulin analogue precursor In which the C-tenmlnal amino acid Is different from Lys or Arg, said precursor having 
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a bridge of a single pair o1 basic amino acids salsctad from the group consisting of l^s and Arg between the C- 
termlnal and Qly*' may be isolated and then converted Into the Insulin analogue by enzymatic treatment using 
tiypsin and caibcocypeptidase B. 

2. A process for preparing a human insulin analogue having Iho following fomiula: 



A-Chain s— 

7 



H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-lle-Cys-Ser- 
1 2 3 4 5 6 1 8 9 10 11 12 

S 

B-Chain s 

I 

H-Phe-Val -Y2 -Gln-His-Leu-Cys-Gl y-S er-Hi s-Leu-Val 
123456789 10 11 12 

A-Chain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 

( 

B-Chain (contd.) s 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 

X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 



wherein X,, Xz. X3. Yi and are any naturally occurring amino acid residue; X4 is Lys or Arg; X5 is selected from 
the group consirting of any naturally occurrfng amino acid residue except Pro; and Xg Is any naturally occurring 
amino acid residue carrying the C-terminal hydroxy g roup or -OH or Xg and Xg together form the C-terminai hydroxy 
group, wherein des(B23-B30)-human insulin is prepared by treating an Insulin with trypsin to cleave off the 
(B23-B30)-amino acids, the desired peptide of six to eight amino acids is synthesized, the resulting peptide is 
coupled to des(B23-830)-human insulin, and the resulting insulin analogue is isolated from the reaction mixture. 

3. The process according to claim 1 or 2, wherein Y, and/or Yg is selected from the group consisting of any naturally 
occurring amino acid residue except Asn. 

4. The process according to claim 1 or 2, wherein 

Xi is selected from the group consisting of Phe, Ala, His, Thr, Ser, Asn or Tyr; 

Xg is selected from the group consisting of Tyr, Thr, Glu, Asp, Ala, His, Ser or Phe; 

Xg is selected from the group consisting of Pro, Glu, Asp, Sar, Thr or His; 

X5 is selected from the group consisting of Lys, Thr, Sen Ala. Asp, or Glu; 

Xe Is selected from the gnwp consisting of Thr-OH, Ser-OH. Ala-OH, Asp-OH. Glu-OH or -OH, or Xc and Xg 

together form the C-temnrial hydroxy group; 

Yi Is selected from the group consisting of Asn, Asp, Qly, Ser, Glu or Ala and 

Y2 is selected from the group consisting of Asn, Gin, Glu or Asp. 
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5. The process according to claim 1 or 2, wherein 

X, is selected from the group consisting of Phe, Ala, His, Thr, Ser, Asn or Tyr; 
Is selected from the group consisting of TVn Thr, Glu, Asp, Ala, His, Ser or Phe; 
f Xg is selected from the group consisting of Pro, Glu, Asp. Ser, Thr or His; 

Xg is selected from the group consisting of Lys, Thr. Ser. Ala, Asp, or Glu; 
Xg is OH; 

is selected from the group consisting of Asn, Asp, Gly, Ser. Glu or Ala and 
Y2 is selected from the group consisting of Asn. Gin, Glu or Asp. 

w 

6. The process according to claim 1 or 2, wherein 



X) is selected fiom the group consisting of Phe. Ala, His, Thr, Ser, Asn or Tyr; 

Xe is selected from the group consisting of Tyr, Thr, Glu, Asp. Ala, His. Ser or Phe; 

Xs is selected from the group consisting of Pro, Glu, Asp, Ser, Thr, or His; 

X5 and X5 together form the C^emrilnal hydroxy group; 

Yi is selected from the group consisting of Asn, Asp, Gly, Glu, Ser or Ala, and 

Y2 Is selected from the group consisting of Asn, Gin. Glu or Asp. 



20 7. The process according to claim 1 or 2, wherein X, is Phe; Xg is Tyn X3 is Thn Xs is Lys; Xe is Thr-OH; Y, is selected 
from the group consisting of Asn, Asp, Ser or Gly and Y2 Is selected from the group consisting of Asn, Gin, Asp 
or Glu. 

8. The process according to claim 1 or 2, wherein X^ is Tyr; )^ is Thr; X3 is Pro; Xg is Thn X^ Is -OH; Y^ is selected 
^ from the group consisting of Asn, Asp, Ser or Gly and Y2 is selected from the group consisting of Asn, Gin, Asp 

or Glu. 

9. The process according to claim 1 or 2, whereih X, Is Phe; )^ Is Thr; )^ Is Pn>; Xg is Thr; Xg Is -OH; Y^ Is selected 
from the group consisting of Asn, Asp. Ser or Gly and Yg is selected from the group consisting of Asn. Gin, Asp 

30 or Glu. 

ia The process according to claim 1 or 2, wherein X, is Phe; is Tyi^ is Pro; Xg is Thr, Xe is -OH; Y^ is selected 
from the group consisting of Asn, Asp, Ser or Gly and Y2 Is selected from the group consisting of Asn, Gin, Asp 
or Glu. 

36 

11. The process according to claim 1 or 2, wherein said X^ amino acid is uncharged and has a carbon atom in the 
gamma-position which is sp2-hybridized and X^ is -OH. 

12. The process according to claim 11, wherein Y1 and Y2 are selected from the group consisting of any naturally 
40 occurring amino acid residue except Asn and )^ Is selected from the group consisting of any naturally occurring 

amino acid residue except Thr and Pro. 

13l The process according to claim 11 , wherein X^ and Xg together form OH. 

^ 14. A process for preparing a pharmaceutical composition comprising fonmulatlng a human Insulin analogue prepared 
by the process according to any of claims 1 to 1 3 or a phamnaceutically acceptable salt thereof with a pharmaceu- 
tlcally acceptable carrier. 

15. The process according to claim 14, wherein said insulin analogue exhibits low solubirity at pH 7.3. 

so 

ia The process according to claim 15, wherein said insulin analogue Is essenlially monomeric. 

17. The process according to claim 1 4, wherein said pharmaceutical composition is formulated as an aqueous solution. 

«5 ia The process according to claim 14, wherein said phannaceutlcal composition Is formulated as an aqueous sus- 
pension. 

19. The process according to claim 14, wherein said pharmaceutically acceptable carrier is an aqueous, isotonic so- 
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lution. 



2a The process according to claim 17, 18 or 19, wherein said aqueous solution, aqueous suspension or aqueous 
isotonic solution further comprises zinc ions andAor a buffer, such as acetate or citrate anchor a presenrertlve such 
as m-cresol, methylparaben or phenol. 

21. The process of claim 14. wherein said phannaceutical composition comprises more than one Insulin analogue. 

22. The process according lo claim 14, wherein said phanmaceulical composition is formulated for mucosal or trans- 
cutaneous administration. 



23. The process according to claim 14, wherein said phannaceutical composition is formulated for parenteral adnin- 
istratbn. 

24. The use of a compound prepared in the process according to any of claims 1 to 1 3 tor the preparatnn of a medi- 
cament for use in the treatment of diabetes. 



Claims for the following Contracting State : GR 

1. Human Insulin anabgues, characterized In that they have a positively charged amino acid residue, I.e. Lys or 
Arg, in position B28, I.e. in position 8 in the B-chain calculated from [Gly^so], that they optionally are further modified 
in the C-tenninal end of the B-chaIn fnxn [PheB^] to the C-terminal amino acid residuSt with the proviso that there 
is no Pro in Position B29, and that optionally A21 and/or B3 are different from Asn. 

2. Human Insulin analogues, characterized In that they have the following formula: 



A-Chain s — S 

I 7 ( 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 

B-Chain s 

I 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val 
123456789 10 11 12 

A-Chain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 

I 



B-Chain (contd.) S 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 



X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 
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10 



IS 



wherein , X2, X3. and Yg are any naturally occurring amino acid residue; is Lys or Arg; X5 is selected from 
the group consisting of any naturally occurring amino acid residue except Pro; and is any naturally occurring 
am ino acid residue carrying the C-lorminal hydroxy group or OH or )^ and X^ together form the C-torminal hydroxy 
group. 

3. Human insulin analogues according to claim 2, wherein Y, and/or Yg Is selected from the group consisting of any 
naturally occurring amino acid residue except Asn. 

4. Human insulin analogues according to claim 2. wherein 

Xt is selected from the group consisting of Phe, Ala. His, Thr, Ser, Asn or Tyr; 

Xg is selected from the group consisting of Tyr, Thr, Glu. Asp, Ala, His, Ser or Phe; 

Xq Is selected from the group consisting of Pro, Glu, Asp, Ser, Thr or His; 

Xs Is selected from the group consisting of Lys, Thr, Ser, Ala, Asp, or Glu; 

Xe is selected from the group consisting of Thr-OH, Ser-OH, Aia-OH, Asp-OH, Glu-OH or OH, or Xg and Xg 

together form the C-tenninal hydroxy group; 

Yi is selected from the group consisting of Asn, Asp, Gly. Ser, Glu or Ala and 

Yg Is selected from the group consisting of Asn, Gin, Glu or Asp. 

^ 5. Human insulin analogues according to claim 2, wherein 

X, is selected from the group consisting of Phe, Ala. His, Thr, Ser, Asn or Tyr; 

Xg Is selected f^om the group consisting of Tyr, Thr. Glu, Asp, Ala, His, Ser or Phe; 

Xg is selected from the group consisting of Pro, Glu, Asp, Ser, Thr or His; 

^ X5 is selected from the group consisting of Lys, Thr, Ser, Ala, Asp, or Glu; 

Xe is -OH; 

Y, is selected from the group consisting of Asn, Asp. Gly, Ser, Giu or Ala and 

Yg Is selected from the group consisting of Asn, Qh. Glu or Asp. 

30 6. Human Insulin analogues according to claim 2, wherein 

X, is selected from the group consisting of Phe, Ala, His, Thr, Ser, Asn or Tyr; 

^2 is selected from the group consisting of Tyr, Thr, Glu, Asp, Ala, His, Ser or Phe; 

^3 is selected from the group consisting of Pro, Giu, Asp, Ser, Thr, or His; 

3S Xg and Xe together fomn the C-tenninai hydroxy group; 

Y^ is selected from the group consisting of Asn, Asp, Gly, Glu, Ser or Ala, and 

Yg is selected from the group consisting of Asn, Gin, Glu or Asp. 



40 
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Human insulin anabgues according to claim 2, wherein X^ is Phe; Xg is Tyr; X3 is Thr; >^ is Lys; X^ is Thr-OH; Y, 
is selected from the group consisting of Asn. Asp, Ser or Gly and Yg is selected from the group consisting of Asn, 
Gin, Asp or Glu. 



8. Human insulin analogues according to claim 2. wherein X^ Is Tyr; Xg Is Thr; Xg Is Pro; is Thr; Xg is -OH; Y^ Is 
selected from the group consisting of Asn, Asp, Ser or Gty and Yg is selected from the group consisting of Asn 
^ Gin, Asp or Glu. » . 

a Human insulin analogues according to claim 2. wherein X, is Phe; Xg Is Thr; X3 is Pro; X5 is Thr; Xg is -OH; Y, is 
selected from the group consisting of Asn, Asp, Ser or Gly and Yg is selected from the group consisting of Asn, 
Gin, Asp or Glu. 



la Human insulin analogues according to claim 2, wherein X, is Phe; Xg is Tyr; Xg is Pro; Xs is Thr; Xg is -OH; Y, is 
selected from the group consisting of Asn, ^p, Ser or Gly and Yg Is selected from the group consisting dl Asn, 
Gin, Asp or Glu. 

11 . Human insulin analogues according to claim 2, wherein said X, amino acid Is uncharged and has a carbon atom 
in the gamma-position which is sp2-hybridized and Xg is -OH. 

12. Human insulin analogues according to claim 11 , wherein Y, and Yg are selected from the group consisting of any 
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naturally occurring annino acid residue except Asn and is selected from the group consisting of any naturally 
occurring amino acid residue except Thr and Pro. 

13. Human Insulin analogues according to claim 11 , wherein Xs and Xg together form -OH. 

14. A process lor preparing a human Insulin analogue having the following formula: 



A-Chain 



7 



H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 1 a 9 10 11 12 

S 

B-Chain s 

I 

H-Phe-Val-Y2-Gln-His-L€u-Cys-Gly-Ser-His-Leu-Val- 
1 2 34 5 67 8 9 10 11 12 

A-caiain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 

I 

B-Chain (contd.) S 

GlU'Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B-Chain (contd.) 

X1-X2-X3-X4-XS-X6 
25 26 27 28 29 30 

wherein X^, Xg. X3, and Yg are any naturally occurring amino acid residue; X4 Is Lys or Arg; Xe is selected from 
the group consisting of any naturally occumng amino acid residue except Pro; and X^ is any naturally occurring 
amino acid residue carrying the C-lerminal hydroxy group or -OH or and Xg together form the C-terminal hydroxy 
group, wherein a DNA sequence encoding a precursor of the insulin analogue in question is Inserted Intoa suitable 
yeast expression vehicle which, when transferred to yeast, is capable of expressing and secreting the precursor 
of the insulin analogue In which [LysB?^^], [ArgB^S], [Lysssej or [Ar^ is connected to GlyAi by a peptide bond or 
a peptide of the formula III 

-R(n)-R(1)- 

whereln R Is a peptide chain with n amino acid residues, n is an Integer from 0 to 33 and R(1 ) is Lys or Arg, the 
transformed yeast strain is cultured In a suitable nutrient medium, and tfie precursor is recovered from the culture 
broth and reacted with an amino compound of the formula IV 

Q-QR' 

wherein Q is a single amino acid residue and R" Is a carboxy protecting group such as methyl or tert-butyl, using 
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trypsin or trypsin-liks enzyme as a catalyst in a mixture of water and organic solvents, whereupon the carboxy 
protecting group Is removed and the Insulin analogue Is isolated trom the reaction mbclure. or 
an Insulin analogue precu rsor In which the C-terminal amino acid is different from Lys or Arg. said precursor having 
a bridge of a single pair of basic amino acids selected from the group consisting of Lys and Arg between the C- 
terminal and GlyAi may be isolated and than converted into the insulin analogue by enzymatic treatment using 
tiypsin and carboxypeptldase B. 

16. A process for preparing a human insulin analogue having the following formula: 



A-Chain s — s 

I "7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 

1 2 3 4 5 6 1 8 9 10 11 12 

S 

B-Chain s 

I 

H-Phe-Val-Y2-Gln-His-Leu-Cys-Gly-Ser-His-Leu-Val 
1234567B9 10 1112 

A-Chain (contd.) 

13 14 15 16 17 18 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 

I 

B"Chain (contd.) s 

Glu-Aia-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 

B^Chain (contd.) 

X1-X2-X3-X4-X5-X5 
25 26 27 28 29 30 



wherein , Xg, X3, and Yg are any naturally occurring amino acid residue; X4 Is Lys or Arg; Xb is selected from 
the group consisting of any naturally occurring amino acid residue except Pro; and is any naturally occurring 
amino acid residue carrying the C-termlnai hydroxy group or -OH or Xg and Xe together form the C-termlnal hydroxy 
group, wherein des(B23-B30)-human insulin is prepared by treating an insulin with trypsin to cleave off the 
(B23-B30)-amino acids, the desired peptide of sbc to eight amino acids is synthesized, the resulting peptide is 
coupled to des(B23-B3£))-human Insulin, and the resulting insulin analogue is isolated from the reaction mixture. 

16. A process for preparing a pharmaceutical composltton comprising formulating a human insulin analogue according 
to any of claims 1 to 13 or a pharmaceuticaliy acceptable saH thereof with a pharmaceutically acceptable carrier. 

17. The process according to claim 16, wherein said insulin analogue exhibits low solubility at pH 7.3. 
ia The process according to claim 17, wherein said Insulin analogue is essentially monomeric. 

19. The process according to claim 1 6, wherein said pharmaceutical composition Is formulated as an aqueous solution. 
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2a Ths process according to claim 16. wherein said pharmaceutical composition Is formulated as an aqueous sus- 

ji^nsion. 



21. The process according to claim 16. wherein said phannaceutlcaily acceptable carrier Is an aqueous, isotonic so- 
lution. 



22. The process according to claim 19. 20 or 21, wherein said aqueous solution, aqueous suspension or aqueous 
isotonic solution further comprises zinc ions andfor a buffer, such as acetate or citrate and/or a preseivative such 
as m-cresol, methylparaben or phenol. 

23. The process of claim 16. wherein said phantiaceutical composition comprises more than one insulin analogue. 

24. The process according to claim 16. wherein said phamnaceullcal composition is formulated for mucosal or trans- 
cutaneous administration. 



25. The process according to claim 16, wherein said pharmaceutical composition istomtulated for parenteral admln- 

istratbn. 



2a The use of a compound according lo any of claims 1 to 13 for the preparation of a medicament for use In the 
treatment of diabetes. 



PatentansprQoha 



PatentaneprQohe lOr fblgende Vertregsstaaten : AT, BE, CH, DE, FR, GB, IT, U, LU, NL, SE 

1. Analoge von menschllchem Insulin, geltennzeichnet dadurch, daB sle ehen positiv geladenen Aminosaureresi, 
dh. Lys Oder Arg, an Position B2B basHzen, d.h. in Position 8 in der B-Kette. gorechnet von [GlyB20] daB sie 
wahlweise zusitzlich In dem C-termlnalen Ende der B-Kette von [PheB24] bis zu dem C-term inalen Aminosaurerest 
modlflzlert sind, mit der MaGgabe, daB sich keh Pro in Position B29 beflndet, und daB wahlweise A21 undfoder 
B3 nicht Asn sind. 



2. Analoge von nrtenschiichem Insulin, dadurch gekennzeichnet, daB sie die folgende Formel besitzen: 



30 



EP0a75437B1 



A-Kctte 

•-- - G : y- 1 1 5 - V a i - G 1 u - G i r. 
1 2 3 4 5 

3 

B^Kene 1 

I 

K-rha-Val-r2-Gln-Kis-Leu-Cys-G:y-Ser-Hi5-le 
I 2 3 4 5 6 7 8 9 iO 11 

A-Kette (Fortsetzung) 

13 14 15 16 17 la 19 20 21 
Leu-Tyi:-Glr.-Leu-Giu-A3r.-Tvr-Cys-Vi-0H 

I 

B-Kcrte (Fortsetzung) s 

G:u-Aia-Leu-Tyr-Leu-Vdl'Cys-GLy-Gla-Arg-Giv-?he- 
13 U 15 16 17 18 19 20 21 22 23' 24 

B-Chair. (contd.) 
>^'i-A2-X3-:<4-:<3-X5 

25 25 27 25 29 30 

wobsi X,, X2, Xa, und Y2 jeda bsiiebige, naturlich vorkommende Aminosaure sind; Lys odar Arg ist; Xg 
ausgowahit ist aus der Gruppe, bestehend aus jeder bellebigen, natOrlich vortommenden Aminosdure mit Aua- 
nahme von Pro; und Xe jacte baliebiga nalOrllch vorhommanda Aminosaura isl, dia die C-lerminale Hydraxygruppa 
tragt Oder -OH Oder Xg und Xq zusammen die C-terminale Hydroxygruppe bilden. 

3. Analoga von manschlichann Insulin nach Anspruch 2, wobei und/-odar Yg auagawahit aind aua der Gmppa, 
bestehend aus jeder bellebigen. nalOrllch vorkonrimenden Aminosdure mil Auenahme von Aan. 

4. Analoge von menschlichem Insulin nach Anspruch 2, wobel 

Xi ausgewShIt Isl aus der Gruppe, bestehend aus Phe. Ala, His, Thr, Ser, Asn Oder lyr; 

^2 ausgewahit ist aus der Gruppe, bestehend aus tyr, TTir, Qlu. Asp, Ala, His, Ser Oder Phe; 

Xg ausgawahil ist aua dar Gruppe. bestehend aus Pro, Glu, Asp, Ser, Thr odar His; 

Xe ausgewShlt Ist aus der Gruppe, bestehend aus Lys, Thr, Ser, Ala, Asp Oder Glu; 

Xe ausgewahit ist aus der Gruppe, bestehend aus Thr-OH, Sar-OH, Ala-OH. Asp-OH, Glu-OH odar -OH, odar 

Xg und Xe bilden zusammen die C-terminale Hydroxygruppe; 

Yi ausgewahit ist aus der Gruppe, bestehend aus Asn, Asp, Gly, Ser, Glu odar Ala und 

Y2 ausgawahH ist aus dar Gmppa, bestehend aus Asn, Gin, Glu Oder Asp. 

5. Analoge von menschlichem Insulin nach Anspruch 2, wobei 

Xy ausgewahit Ist aus dar Gruppe. bestehend aus Phe, Ala, His, Thr, Ser, Asn odar Tyr; 

Xg ausgewShIt ist aus der Gruppe, bestehend aus lyr. Thr. Glu, Asp. Ala, His, Ser oder Phe; 

Xg ausgewShlt ist aus der Gruppe, bestehend aus Pro, Glu, Asp, Ser, Thr oder His; 

Xg ausgawahit ist aus der Gmppa, bestehend aus Lys. Thr. Ser, Ala, Asp oder Glu' 

Xe -OH Ist; 

Yi ausgewahit Isl aus der Gmppa, bastehand aus Asn, Asp, Gly. Ser, Glu oder Ala und 
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Y2 ausgswahK ist aus dar Gruppe, bestehend aus Asn, Gin, Glu oder Asp. 
6. Analogs von menschlichem Insulin nach Anspruch 2, wobsi 



5 ausgawahit ist aus der Gruppa, bestehand aus Pha, Ala, His, Thr, Sar, Asn oder Tyr; 

X2 ausgewahit ist aus der Gruppe, bestehend aus Tyr, Thr, Glu, Asp, Ala, His, Ser oder Phe; 

X9 ausgewahit ist aus der Gruppe, bestehend aus Pro. Glu, Asp, Ser, Thr Oder His; 

Xg und Xe zusammen die C-terminale Hydroxygruppe bllden; 

Yi ausgewahit Ist aus der Gruppe, bestehend aus Asn, Asp, Gly, Glu, Ser oder Ala, und 

10 Y2 ausgewahit ist aus der Gmppe, bestehend aus Asn, Gin, Glu oder Asp. 



7. Analogs von menschlichem Insulin nach Anspruch 2, wobei 

X, Phe ist; )^ Tyr ist; X3 Thr ist; X5 Lys ist; Xg Thr-OH ist; Y^ ausgewahit ist aus der Gmppe, bestehend aus Asn, 
Asp, Ser Oder Gly und Y2 ausgewdhlt Ist aus der Gruppe, bestehend aus Asn, Gh, Asp oder Glu. 

IS 

8. Analoge von menschlichem Insulin nach Anspruch 2, wobel X^ Tyr Ist; Ihr Ist; X3 Pro 1st; Xg Thr Ist; Xq -OH Ist; 
Y^ ausgewahit ist aus der Gruppe, bestehend aus Asn, Asp, Ser oder Gly und Yg ausgewahit ist aus der Gmppe, 
bestehend aus Asn, Gin. Asp Oder Glu. 

20 9. Analoge von menschlichem Insulin nach Anspruch 2, wobei X, Phe ist; X2 Thr ist; Xg Pro ist; Xg Thr ist; Xe -OH 
Ist; Y-i ausgewahit ist aus der Gruppe, bestehend aus Asn, Asp, Ser Oder Gly und Y2 ausgewdhit Ist aus der 
Gmppe, bestehend aus Asn, Gin, Asp oder Glu. 

ia Analoge von menschlichem Insulin nach Anspruch 2, wobel X^ Phe ist; Xg Tyr ist; X3 Pro ist; Xg Thr ist; Xg -OH 
^ ist; Y-i ausgewahit ist aus der Gruppe, bestehend aus Asn, Asp, Ser oder Gly und Y2 ausgewahit ist aus der 
Gmppe, bestehend aus Asn, Gin, Asp oder Glu. 

11. Analoge von menschlichem Insulin nach Anspruch 2, wobel die Aminosdure X| kelne Ladung besftzt und ein 
Kohlenstoffatom in der Gamma-Position besitzt, das sp^hybridisiert ist und X^ -OH ist. 

30 

1Z Analoge von nrtenschllchem Insulbn nach Anspruch 11 , wobel Y^ und Yg ausgewahit sind aus der Gmppe, beste- 
hend aus jeder beliebigen naturlich vorkommenden Aminosaure mil Ausnahms von Asn und X5 ausgawahtt Ist 
aus der Gruppe, bestehend aus jeder beliebigen natOrlteh vorkommenden Aminosdure mit Ausnahme von Thr und 
Pro. 

3S 

13. Anabge von menschlichem Insulh nach Anspruch 11, wobei Xg und X^ zusammen -OH bllden. 

14w Phannazeutische Zusammensetzung, enthaltend eIn Analoges von men8chlk:hem Insulin mit der Iblgenden For- 
mal: 

40 



45 



60 



ss 



32 



EPO 375437 B1 



10 



IS 



so 



2S 



30 



A-Kctie 3 ~~ s 

I ' I 

1 2 3 4 5 6 i 5 9 10 ll 12 

S 

B-Kette ] 

[ 

r>rr.^'Val<^2^---f'--:-iis-Leu-Cys-Gly-Ser^H 

I 2 3 4 5 c t' 8 ' 9 10 11 12 

A-Ke[te (Fortsetrung) 

13 14 15 16 17 13 15 Zi 

leu-ryr-Glr.-Leu-Glu-A3r.-Tvr-Cv5-::-0H 

I 

B-Kette (Fortsetzung) 1 

Glu-Ala-LcU-Tyr-Leu-Vai-Cys-:-:v-3iu-Arg-Gly-^^^^^ 
13 14 iS 16 17 IS 15 2;' 2; 22 23 24 

Xi-X2-:<3-^<4-^5"*<6 
25 26 27 2a 29 30 



woboi Xt, Xg, Xq, Yi und Y2 jede beliebigB naturllch vorkommande Aminosaura Bind; X4 Lys odar Arg isl; 
3ff ausgewahit ist aus der Gruppe. beslehend aua jeder beliebigen naturllch vorkommenden Amiiosaure mrl Aus- 
nahmavon Pro; und Xg jade baliabige, natQrIlch vorkommande Aminosaura ist, die die C-terminala Hydraxygruppa 
tragt, oder -OH ist Oder Xg und Xg zusammen die C-tarminale Hydroxygruppe bilden, odar ein pharmazeulisch 
vertrSgllches Salz davon und ein phanmazeutlscli vertrdglicher TrSger Ist. 

^ 15, Pharmazeutische Zusammensetzung nach Anspruch 14, wobel das Insulin-Analoge ein© geringe Loaltehkeit be! 
pH 7,3 aufweisl. 

16. PhamiazeutischeZusammensetzung nach Anspruch 16, wobel das fnsulln-Anakige Im wesentlichen monomer Ist. 

45 17. Pharmazeutische Zusammensetzung nach Anspruch 1 4, wobel die pharnnazeutlsche Zusammensetzung als eine 
waBriga Ld&ung formuiiert Ist. 

ia Pharmazautlecha Zusammensetzung nach Anspruch 14, wobel die pharmazeutische Zusammensetzung als eIne 
waBrige Suspensksn formuiiert Ist. 

so 

19. PhamnazButische Zusammensetzung nach Anspnjch 14, wobel der phannazeutisch vertraglicha Trager eine 
waBrige isotonlsche Losung Ist. 

20. Pharmazeutische Zusammensetzung nach Anspruch 17. 18 Oder 19. wobel die wfiBrlge Lasung, wfiBrlge Sus- 
ss pension Oder waBrige Isotonlsche Losung welterhh Zinklonen und/oder elnen Pufler umfaBt wie Acetat Oder Citrat 

und/oder elnen Konservlsrungsstoff wie m4<re8ol. Mathylparaben oder Phenol. 

21. Pharmazeutische Zusammensetzung nach Anspnjch 14, wobei die pharmazeutische Zusammensetzung mehr 
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als ein Insutin-Analogas umfaOt. 

22. PharmazButischa Zusammensetzung nach Anspruch 14, wobei die pharmazautische Zusammsnsetzung fQr eine 
mul«osale Oder transkutane Verabneichung lomnuliert isl. 

5 

23. Pharmazeutische Zusammensetzung nach Anspruch 14. wobei die pharmezeutische Zusammerwetzung fQr eIne 
parenterale Verabreichung formuliert ist. 

24. Pharmazeutische ZusammenseUung nach Anspruch 1 4, wobei X5 ausgewahft ist aus der Gruppe, bestehend aus 
10 jader beliebigen, natOrlich vorkomnnanden Aminosaure mit Ausnahma von Pro. 

25. Pharmazeutische Zusammensetzung nach Anspruch 14 oder 24, wobei und/oder ausgewahit sind aus der 
Gruppe, bestehend aus jeder natOrlich vorkommenden Aminosaure mil Ausnahme von Asn. 

IS 26. Pliarmazeutrschs Zusammensetzung nach Anspmch 14, wobei 

ausgewahit ist aus der Gruppe, bestehend aus Phe, Ala, His, Thr, Ser. Asn oder Tyr; 
X2 ausgewdhit Ist aus der Gruppe. bestehend aus lyr, Thr. Glu, Asp, Ala, His. Ser oder Phe; 
X3 ausgewahit ist aus der Gruppe, bestehend aus Pro, Giu, Asp, Ser, Thr oder His; 
20 Xg ausgewahit ist aus der Gruppe, bestehend aus Lys, Thr, Ser, Ala, Asp oder Glu; 

Xg ausgewahit ist aus der Gruppe. bestehend aus Thr-OH, Ser-OH. Ala-OH, AspOH, GIu-OH oder -OH, oder 

Xg und Xe bilden zusammen die C-terminale Hydroxygmppe; 
Y^ ausgewdhit ist aus der Gruppe, bestehend aus Asn, Asp, Gly, Ser. Giu oder Ala und 
Yg ausgewahit ist aus der Gruppe, bestehend aus Asn, Gin, Glu oder Asp. 

2S 

27. Pharmazeutische Zusammenselzung nach Anspruch 14, wobei 

Xi ausgewShIt ist aus der Gruppe. bestehend aus Phe, Aia, His. Thr. Ser. Asn oder lyr; 

Xg ausgewahit ist aus der Gnjppe, bestehend aus Tyr, Thr, Giu, Asp, Ala, His, Ser oder Phe; 

30 Xs ausgewahit ist aus der Gruppe, bestehend aus Pro, Glu. Asp, Ser, Thr Oder His; 

Xg ausgewdhit Ist aus der Gaippe. bestehend aus L^s. Thr. Ser, Ala, Asp Oder Qlu; 

Xe -OH ist; 

Yi ausgewdhlt ist aus der Gruppe. bestehend aus Asn, Asp, Gly, Ser, Giu Oder Ala und 

Y2 ausgewahit ist aus der Gruppe, bestehend aus Asn, Gin, Glu oder Asp. 

36 

28. Pharmazeutische Zusammensetzung nach Anspruch 14, wobei 



X, ausgewdhit ist aus der Gruppe. bestehend aus Phe. Ala. His. Thr, Ser, Asn oder Tyr; 

y(2 ausgewahit ist aus der Gmppe, bestehend aus Tyr. Thr, Giu, Asp, Ala, His, Ser oder Phe; 

Xs ausgewahit ist aus der Gruppe, bestehend aus Pro, Glu, Asp, Ser, Thr oder His; 

Xg und Xg zusammen die C-terminale Hydroxygmppe bilden; 

Y^ ausgewahit ist aus der Gruppe, bestehend aus Asn. Asp. Gly. Glu, Ser oder Ala und 

Y2 ausgewShIt ist aus der Gruppe. bestehend aus Asn. Gin, Qlu oder Asp. 



45 29. Pharmazeutische Zusammensetzung nach Anspruch 1 4, wobei X^ Phe Ist; "H^r ^3 Thr Ist; X5 Lys Ist; Xg Thr- 
OH isl; Y^ ausgewahit ist aus der Gruppe, bestehend aus Asn, Asp, Ser oder Giy und Y2 ausgewahit ist aus der 
Gruppe, bestehend aus Asn. Gin, Asp oder Glu. 

3a Pharmazeutische Zusammensetzung nach Anspruch 14, wobel X, Tyr ist; X2 Thr ist; X3 Pro ist; Xg Thr ist; Xg -OH 
so ist; Y^ ausgewahit ist aus der Gruppe, bestehend aus Asn. Asp, Ser oder Gly und Y2 ausgewahit ist aus der 
Gruppe, bestehend aus Asn, Gin, Asp oder Glu. 

31. Pharmazeutische Zusammensetzung nach Anspmch 14, wobei X, Pha ist; )^ Thr ist; Xg Pro ist; Xg Thr ist; Xg 
-OH ist; Y^ ausgewahit ist aus der Gruppe. bestehend aus Asn, Asp, Ser oder Gly und Y2 ausgewahit Ist aus der 
Gruppe. bestehend aus Asn, Gin, Asp Oder Giu. 

3Z Pharmazeutische Zusammensetzung nach Anspruch 1 4, wobel X^ Phe ist; i^i Pro Ist; Xg Thr ist; Xg -OH 
ist; Y^ ausgewahit ist aus der Gruppe, bestehend aus Asn, Asp, Ser oder Gly und Y2 ausgewahit ist aus der 
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Gruppe, bastahsnd aus Asn, Gin, Asp oder Giu. 

33^ PharmazeutischB Zusammensetzung nach Anspruch 14, wobai die Aminosaurs X, keins Ladung basitzt und ein 
Kohlenstonatom in der Gamma-Position besitzt, das sp^hybrldisiert ist und -OH ist. 

5 

34. Pliamiazeutische Zusammensetzung nach Anspruch 33, wbe\ Y, und ausgewahil sind aus der Gruppe, be- 
flteliend aus jeder bellebigen naturlich vorkammenden Aminosaure mit Ausnalime von Asn und )^ ausgewShit ist 
aus der Gruppe. bestehend aue jeder beliebigen natQrIich vorloxnmenden Aminosaure mrt Auenahme von Thr. 

to 35. PiTarmazeutisclie Zusammensetzung nach Anspmch 33, wobei Xg und Xq zusammen -OH bllden. 

36. Verfaliren zur Herstellung eines Analogen von menschlidiem Insuiin mit der folgenden Formel: 



20 



16 

A-Kettc S S 

I 7 I 
H-3:y-ae-VaI<^iu-Glr."Cys<y3-7r.r-3ar-:ie-Cys-Sar- 
1 2 3 4 5 6 I 8 9 10 II 12 

S 

B'Kette S 

I 

^ H-rhe-val-Y2-Gln-Kis-Leu-Cys-Giy-Ser-Kis-Leu-VaL 
1 2 3 4 5 6 7 8 9 13 11 12 

A-Kcite (Fortseizung) 

13 14 15 16 17 13 19 20 21 
Leu-Tyr-Gln-Leu-Glu-Asn-?yr<ys-:i'OH 

I 

B-Keite (Fortseizung) s 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Glv-Glu-Arg-Gly-?he- 
■3 14 15 lo 17 13 19 20' 21 22 23 24 

3-Chain (coacd.) 

X1-X2-X3-X4-X5-X6 
^ 25 26 27 28 29 30 
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wobei X,, X2, Y, und Yg jede beiieblge, naturlich vorlaimmende Aminosaure sind; X4 Lye oder Arg 1st; Xg 
ausgewahit ist aus der Gmppe, bestehend aus jeder beliebigen, natOriich vorkommenden Aminosaure mit Aue- 
nahme von Pro; und Xg jede belisbige naturlich vorl<Dmmende Aminosaure ist, die die C-temiinaie Hydroxygruppe 
tragt. oder -OH Oder und X© zusammen die C-temilnale Hydroxygruppe bllden, wobei sine DNA-Sequenz, die 
Bin Vor^ufermolekQI des Insulln-Analogen kodiert, in ein geeignetes Hefe-Expressions-V^ikel insertiert ist, das, 
wenn es in Hef e iiberf uhrt wird. In der Lags ist, den Vsriaufer des f nsulln-Analogen zu exprlmieren und zu sekre- 
tieren. in dem [LysB^B], [ArgBas], {4^828] oder [ArgBSO] mit GlyAi verbunden ist durch eine Peptidbindung oder ein 
Pepdd der Formel III 



-R(n)-R(1)- 
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wobei R eine Peptldkette ist mit n Aminosaursresten, n eina ganze Zahl von 0 bis 33 und R(1) Lys oder Arg ist, 
der transformlert© Hefestamm In einem geelgneten Nfihrmedlum gezOchtet wird, und der Vbriauleraus dem Kul- 
turmedium wisdargewonnen und mrt einar Aminovarbindung dar FohtibI IV 

Q-QR" 

umgeselzt wird. wobei Q ein einzelner Aminosaurerest ist und R" eine Carboxy-Scliutzgnjppe wie IWaihyl Oder 
tert-Butyl Ist. untar \ferwandung von Trypsin oder einem Trypsin-artigan Enzym ais Katalysator in einem Gemisch 
von Wassar und organischan Losungsmrltein, woraufhin die Carboxy-Schutzgruppe entfernt wird und das Insulin- 
Analoge ausdem Reaktlonsgemlsch isollert wird, oder ein Vbrlaufer ehes Insulln-Analogen, in dem die C-termlnale 
Aminosaure nicht Lys oder Arg ist, wobei der Vorlaufer eine Bruclce aus einem einzelnen Paar von basischan 
Ammosfiuren. ausgewShlt aus der Qruppe, bestehend aus Lys und Arg, zwiechen dem C-termlnalen und QlyAi 
basitzt, isollert werden kann und dann durch enzymatische Behandlung untar Vfenwendung von Trypsin oder Car- 
boxypeptldase B In das Insulln-Analoge umgewandelt werden kann. 

37. Verfahren zur Herstellung eines Analogen von menschlrchem Insulin mit der tolgendan Formal: 

A-Kctte Q , o 

I 7 I 

r:-3Iy-i:--Ve:-Giu-Gir.-Cys-Cv5-7hr-3---- ^^-rv3-^^-. 
1 2 3 4 5 6 1 5 9 i: 11 

S 

B-Kctte i 

I 

::-r"5-V2:-Y;-3::,.His-Leu-Cy3-G:y-35r-His-Leu-Va- 
1 2 3 4 5 6 7 3 9 13 11 12 

A-Kc«e (Forisetzung) 

13 14 15 16 17 13 19 2j 2i 

Leu-ryr-Gir.-Leu-Glu-A5P.-Tvr-Cys-VT-o--- 

I 

B-Kette (Fortsctzung) 1 

:j 14 13 15 17 13 19 2j 21 22 23 24 
3 -Chain (coned.) 

Xi-V2-X3-:C4-X5-X5 
25 25 27 29 29 30 

wobei X,, X2, Xq, Yi und ]ede belteblge, natOrlich vorkommerxJe Aminosaure sind; X4 Lys oder Arg 1st; X5 
ausgewahfl Ist aus der Gruppe. bestehend aus jeder bellebigen, natOrllch vorkommenden Aminosaure mit Aus- 
nahme von Pro; und jede beiieblge natfirlich vorkommende Aminosaure ist, die die C-terminale Hydraxygmppe 
tragt. Oder -OH oder Xs und zusammen die Wemrilnale Hydroxygruppe bIWen, wobei menschllches Des 
(B23-B30)-ln8ulln hargestelh wird duroh Behandein ainas Insulins mit Trypsin untar Abspaltung der (B23-B30)- 
Amlnosauren, das gewOnschte Peptid von sechs bis achl Aminosauren synthetlsiert wird, das resultlerende PeptW 
an menschllches Des(B23-B30)-lnsulin gekoppelt wird und das resultierends Insulln-Analoge aus dem Raaktions- 
gemlsch isollerl wird. 
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3a Verwendung einer Vsrblndung nach ainam der AnsprQche 1 bis 13 2ur Hsrstellung eines Medikamants zur \fer- 
wendung bel der Behandiung von Diabetes. 

PatentaneprOehe fflr folgenden Vertragastaat : ES 

1 . Verfahren zur Herslellung einea Anaiogen von menschlichem Insulin mit der folgenden Formei: 



A-Kecte 



I ' 1 

K-Gly-rie-Vai-Giu-Gln-Cys-Cvs-Thr-Ser-rie-Cys-Ssr- 
1 2 3 4 5 S I 8 9 10 11 li 

S 

B-Kette ] 

I 

K-rr.e-Val-"r2-GIn-His-Leu-Cys-Giy-Sar-h-is-Leu-Val 
1 2 3 4 5 6 7 3 9 10 11 12 

A-KcKe (Fortsetzung) 

13 14 15 16 17 13 19 20 21 

Leu-Tyr-Gir.-Leu-Glu-Asn-Tyr-C/s-ii-OH 

I 

B-Kette (Fortsetzung) s 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Glv-Glu-Arg-Giy-Phe- 
13 14 15 16 17 18 19 20' 21 22 23 24 

3 -Chain (contd.) 

Xi-:<2-X3-X4-Xs-X6 
25 26 27 28 29 30 

wobai X^, Xg, und Yg jada baliabiga, natflrlich vorkommanda Aminosaura sind; )C| Lys oder Arg ist; Xg 

ausgewahit ist aus der Qruppe, bestehend aus Jeder belieblgen, natOrllch vortommenden Aminosdure mIt Aus- 
nahme von Pro; und Xe Jede belieblge natOrllch vorkenfimende Aminosaure Ist, die die C^ermlnale Hydroxygruppe 
tragt, Oder -OH oder )^ und X^ zusammen die C-termlnale Hydroxygruppe bikJan, wobai eina DNA-Sequenz, die 
ein VbriaufennolekOI des Insulin-Analogen Icodiert, in eh geeignetes Hefe-Expressions-Veiilkel insertlert Ist, das, 
wenn as In Hale uberffllirt wird, in der Lage ist, den Nforlaufer des Insulin-Analogen zu exprimieren und zu sakre- 
tleren, in dem [LysBS®]. [ArgKS], [Lys^ oder [ArgB29] mIt QlyAi verbunden ist durch eine Peplldblndung Oder ein 
PeptidderFomnellil 

-R(n).R(1). 

wobai R aine Peptkjkette mit n Aminosaursrestan. n eina ganze Zahl von 0 bis 33 und R(1 ) Lys oder Arg ist, der 
transtormlerte Hofeslamm In einem geelgneten NShrmedlum gezOchtct wird, und der Vbrtftufer aus dem Kultur- 
msdium wiadergswonnsn und mit einer Aminoverbindung der Formal IV 

Q-QR' 
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2S 



30 



utnqeselzt wird. wobai Q ein einzelner Miinosaurerest ist und R' eine Carboxy^hutzgruppa wie Mrthyl oder 
tert-Butyl tet. unter Nferwendung von Trypsin oder elnem Ttypsln-aitlgen Enzym als K^alysator in el"*" Oeml«h 
von Wtesar und organisohan Losungsmntein, woraumin die Carboxy-Schulzgruppe 

Analooe aus demReaWionsgemischlsoliert wild, Oder ^ . _w ,4 ,»*,H5.rf=, 

ein Voriauferelnes Insuiin-Analogen. indemdie C-terminale Aminosaure nicht Lysoder Arg Bt. wobei lerVbrtader 
eIne BrOcke aus einem einzelnen Paar von basischen Aminosfluren. ausgewfihit aus der Qmppe, bestehendaus 
Lvs und Ara. zwischen dem C-tenninalen und Gly« besitzt, isoliert werden kann und dann durch enzymatis*e 
Bshandlung unter Vtonwandung von Trypsin oder Carboxypeptidase Bin das Insuiin-Anaioge umgewandalt werden 
kann. 

Verfahren zur Herslellung eines Analogen von manschiichem Insulin mit der tolgenden Formel: 



40 
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A'Kette 



,6 17 1 

K-Glv-Ile-Vdl-GU-Gin-Cys-Cvs-Thr-Ser-Iie-C/a-Sar- 
l ' 2 3 4 5 6 18 9 10 U 12 

S 

20 B-Kette s 

I 

K-rhe-Val-Y2-Gln-Kis-Leu-Cys-Gly-Ser-Kis-Leu-VaI 
12 3456789 10 II 12 



A'Kette (Fbrtsetzung) 

13 14 15 16 17 la 19 20 21 
leu-?vr-Glr.-Leu-Glu-AsP.-Tvr-Cys-Yi-OK 

I 



B-Kette (Fortsetzung) S 

" G iu-Aia-Leu-Tyr-Leu-Va 1 -Cys -G : v-G lu-Arg-G I y- ?he- 

13 14 15 16 17 18 19 20 21 22 23 24 



B-Chain (coned.) 

Xi-A2-5<3-3<4-3^5-X6 
25 26 27 28 29 30 



wobei Xi Xa )fa Yi und Y, )ede belieblge, natOrlicii vorkommende Aminosaure sind; X4 Lys oder Arg ist; Xg 
ausaewdhit tetViis der Gmppe, bsstahend aus jeder beliebigen, nalOrlioh vorkommenden Aminosaure mil Aus- 
nahme von Pro; und X. jede bellebige natOrlk*! vortommende Aminosaure ist. die die C^emiinale Hydrcocygruppe 
tragt, oder -OH oder Xg und Xg zusamman die C4arminale Hydroxygnippe biklan. wobei D«» 
(B23-B30)-in8ulin hergestalit wird durch Beiiandein ainas insulins mit Trypsin unter Abspalung der 30)- 
Amhosauren. das gewOnschte Peptid von sechs bis acht Aminosauren synthetisiert wird. das resulUerende Peptid 
an menschliches DeB(B23-B30>-insulin geknppalt wird und das reaultlarende Insuiln-Analoge aus dem Reaktions- 
gemlsch Isoliert wird. 

3. verfahren nach Anspruch 1 oder 2. wobei Y, und/oder Y^ ausgewShlt sind aus der Qruppe. bestehend aus jeder 
ss beliebigen, natOriteh vorkommenden Aminosaure mil Ausnahme von Asn. 

4. Verlahren nach Anspruch 1 0der 2. wobei 
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Xi ausgewahit ist aus der Gruppe. bestehend aus Phe, Ala, His, Thr, Ser, Asn oder Tyr; 

Xg ausgewShIt Ist aus der Gruppe, bestehend aus lyr, Thr. Glu, Asp, Ala, His, Ser oder Phe; 

X3 ausgewahit ist aus der Gruppe, bestehend aus Pro, Glu, Asp, Ser, Thr oder His; 

Xg ausgewahit ist aus der Gruppe, bestehend aus Lys, Thr, Ser, Ala, Asp oder Glu;* 

Xg ausgewahit ist aus der Gruppe, bestehend aus Thr-OH, Ser-OH, Ala-OH. AspOH, Glu-OH oder -OH, oder 

Xg und X^ zusammen die C-terminale Hydroxygruppe blldert; 

Yi ausgewghit ist aus der Gruppe, bestehend aus Asn. Asp, Gly, Ser, Glu Oder Ala und 

Y2 ausgewahit ist aus der Gruppe, bestehend aus Asn, Gin, Glu oder Asp, 

S. Verfahren nach Anspruch 1 oder 2, wobei 



ausgewahit ist aus der Gruppe, bestehend aus Phe, Ab, His, Thr, Ser, Asn oder Tyr; 

X2 ausgewahit ist aus der Gruppe, bestehend aus Tyr. Thr, Glu, Asp, Ala. His. Ser oder Phe; 

X3 ausgewahit ist aus der Gruppe. bestehend aus Pro, Glu, Asp, Ser. Thr oder His; 

Xg ausgewahit ist aus der Gruppe, bestehend aus Lys. Thr, Ser. Ala. Asd oder Glu ' 

Xg -OHIst; ^ . 

Y-, ausgewahit ist aus der Gmppe, bestehend aus Asn, Asp, Gly, Ser, Glu oder Ala und 

Yg ausgewahit Ist aus der Gruppe, bestehend aus Asn, Gin, Glu oder Asp. 

6. Verfahren nach Anspruch 1 oder 2. wobei 

X, ausgewahit Ist aus der Gmppe, bestehend aus Phe, Ala, His, Thr, Ser, Asn oder Tyr; 

ausgewahit Ist aus der Gruppe, bestehend aus Tyr, Thr, Glu, Asp, Ala. His, Ser oder Phe; 
Xg ausgewahit ist aus der Gruppe, bestehend aus Pro. Glu. Asp, Ser. Thr oder His; 

Xg und Xq zusammen die C-terminale Hydr(»cygruppe bilden; 

y^ ausgewahit Ist aus der Gruppe, bestehend aus Asn, Asp, Gly. Glu. Ser oder Ala und 

Yg ausgewahit ist aus der Gruppe, bestehend aus Asn, Gin. Glu oder Asp. 

7. Verfahren nach Anspruch 1 oder 2, wobei 

Xi Phe Ist; Xg Tyr ist; Thr ist; Xg Lys ist; Xe Thr-OH ist; Y^ ausgewahit Ist aus der Gruppe, bestehend aus Asn 
Asp, Ser Oder Gly und Yg ausgewahit Ist aus der Gruppe, bestehend aus Asn. Gin, Asp oder Glu, 

8. Verfahren nach Anspruch 1 oder 2. wobei X^ Tyr Ist; Xg Thr ist; Xg Pro Ist; Xg Thr Ist; Xg -OH Ist; Y. ausgewahit 
ist aus der Gruppe. bestehend aus Asn. Asp, Ser oder Gly und Yg ausgewahit ist aus der Gruppe. bestehend aus 
Asn. Gin, Asp oder Glu. 

9. Verfahren nach Anspruch 1 oder 2, wobei X^ Phe ist; Xg Thr ist; Xg Pro Ist; Xg Thr ist; Xg -OH Ist; Y, ausgewahit 
let aus der Gruppe, bestehend aus Asn, Asp. Ser oder Gly und Yg ausgewahit ist aus der Gruppe, bestehend aus 
Asn, Gin, Asp oder Glu. 

m Verfahren nach Anspruch 1 oder 2, wobei X, Phe ist; Xg Tyr ist; X3 Pro ist; Xg Thr ist; Xg OH ist; Y, ausgewahit 
Ist aus der Gruppe, bestehend aus Asn, Asp, Ser oder Gly und Yg ausgewahit Ist aus der Gruppe. bestehend aus 
Asn, Gin, Asp oder Glu. 

11 . Verfahren nach Anspruch 1 oder 2. wobei die Aminosaure X, keine Ladung besltzt und eh Kohlenstoffatom In der 
Gamma-Position besltzt, das sp^-hybridisiert ist und X^ -OH ist. 

12. Verfahren nach Anspruch 11. wobei Y^ und Yg ausgewahit sind aus der Gruppe, bestehend aus jeder beliebigen 
naturlich vorkommenden Aminosaure mrt Ausnahme von Asn und X^ ausgewahit ist aus der Gruppe. bestehend 
aus jeder beliebigen naturlich vorkommenden Aminosaure mil Ausnahme von Thr und Pro. 

13. Verfahren nach Anspruch 11 , wobei Xg und Xg zusamnnen -OH biWen. 

14. Verfahren zur Herstellung einer phamnazeutlschen Zusammensetzung, umf^ssend das Formulteren elnes Analo- 
gen von menschllchem Insulin, hergesteltt durch das Verfahren nach einem der Ansprucho 1 bis 13 oder elnes 
pharmazoutisch vertraglichen Salzes davon mrt einem pharmazeutisch verlraglichen Trager. 

15. Verfahren nach Anspruch 14. wobei das Insulin-Anatoge eine geringe Loslichkeit bei pH 7.3 aufweist. 
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16. Verfahren nach Anspruch 15, wobai das Insulin-Anabge im wesentlichan monomer isl. 

17. Verfahren nach Anspruch 1 4, wobei die pharmazeutische Zusammenselzung als eine waBriga Losung formuliert 
ist 

5 

18. Verfahren nach Anspruch 14, wobei die pharmazeutische Zusammensetzung als eine wdBrlge Suspension for- 
muliert ist. 

19. Verfahren nach Anspruch 14, wobei der phannazeutlsch vertrdgiiche Trdger eine wdBrige isotonische Ldsung Ist. 

10 

20. Verfahren nach Anspruch 1 7, 1 6 Oder 1 9, wobei die waBrlge Ldsung, waBrlge Suspension Oder waOrlge isotonische 
Ldsung weiterhin Zinkionen und/oder ainan Puffer umfaBt wie Acetat oder Citrat und/bder einen l^snserviarungs- 
stoff wia m-Krssol, Mathylparaben odar Phenol. 

IS 21. Verfahren nach Anspruch 14, wobai die pharmazeutische Zusammensetzung mehr als ein insulin-Analoges um- 
faf^. 

22. Verfahren nach Anspruch K wobei die phamnazeutlsche ZUsammensetzung fQr eine mukosale Oder transkutane 
Verabreichung formuliert Ist 

20 

23. Verfahren nach Anspnjch 14, wobei die phamnazeutlsche Zusammensetzung f Or eine parenterale \A9rabreichung 
formuliert ist. 

24. Verwandung einer Verbindung, die durch das Verfahren nach einem dar Ansprucha 1 bis 13 hergesteiit wurda, 
2S zur Herstellung eines Medlkaments zur Verwendung bei der Behandlung von Diabetes. 



Paientanspriiohe fur folgenden Vertragsstaat : OR 

30 1. Analoge von menschllchem Insulin, gekennzelchnet dadurch, daB sle einen posltiv geladenen Aminos^urerest. 
d.h. Lys Oder Arg, an Position B28 besltzen, d.h. In Positkin 8 In der B-Kette, gerechnet von [Qly^, daB sle 
wahlweisazusatzlich In dam Oterminalan Ende dar B-Kelte von [Pha^^^] bis zu dem C-terniinaien Amlno^urarest 
modlflziert sind, mit der MaBgabe, daB steh kein Pro in Positton 829 befindet. und daB wahlweise A21 und/oder 
83 nichl Asn sind. 

36 

2. Anak)ga von menschlbham insulri, dadurch gakannzak:hnet. daB sia die folgende Fonnel besitzen: 
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A-Kette S 




11 12 



B^Kette 



K-?he-Val-Y2-Gln-His-Leu-Cys 
1 2 3 4 5 6 7 



Gly-Ser-Kis 
8 9 10 



Leu-Val 
11 12 



A-Kcite (Forisctzung) 



13 14 15 16 17 13 19 
Leu-Tyr-Gir.-Leu-Glu-Asr.-7yr 



Cys-ii-OH 



B-Kctte (Forisctzung) 



Glu-Aia-Leu-Tyr-Leu-Val-Cys-Glv-Giu-Arg-Giy-Phe- 
13 U 15 15 17 18 19 2-y 21 22 23 24 

B-C^.ai^. (contd.) 



25 26 27 29 29 30 



wobei X| , X2, X3, und Y2 jsde beliebige, nalQriich vorkommende Aminosaure sind; X4 Lys oder Arg ist; 
ausgewahlt ist aus der Gruppe. bestehend aus jeder bellebigen, naturlich vorkommenden Aminosaure mit Aus- 
nahme von Pro; und Xs baliabige natOrlich vorkDnvnende Aminosaure ist, dia die C^erminala Hydroxygmppa 
tragt, odar -OH odar und zusamnian die C-lemihala Hydroxygruppa biUan. 

Analoga von menschlichem insulin nach Anspnjch 2, wobei und/ oder Y2 ausgewahlt sind aus der Gnjppe, 
bestehend aus jeder bellebigen, naturlk:h vorkonvnenden Aminosaure mit Ausnahme von Asn. 

Analoge von menschlichem Insulin rtach Anspruch 2, wobei 

Xi ausgewahlt ist aus der Gruppe, bestehend aus Phe, Ala, His, Thr. Ser, Asn oder Tyr; 
Xg ausgewShIt ist aus der Gruppe, bestehend aus lyr, Thr, Glu, Asp. Ala, His, Ser oder Phe; 
Xs ausgewahlt ist aus der Gruppe, bestehend aus Pro, Giu, Asp, Ser, Thr oder His; 
X5 ausgewahlt 1st aus der Gruppe, bestehend aus Lys, Thr, Ser, Ala, Asp oder Glu; 

X5 ausgewahlt ist aus der Gruppe, bestehend aus Thr-OH, Ser-OH, Ala-OH, Asp-OH, Glu-OH oder -OH, oder 

Xg und Xq zusammen die C-terminale Hydroxygruppa bilden; 
Yi ausgewahlt ist aus der Gruppe, bestehend aus Asn, Asp, Giy, Ser, Giu oder Ala und 
Yg ausgewahlt ist aus der Gruppe, bestehend aus Asn, Gin, Glu odar Asp. 

Analoge von menschlichem Insulin nach Anspruch 2, wobei 

Xy ausgewahlt ist aus der Gruppe, bestehend aus Phe, Aia, His, Thr, Ser, Asn oder Tyr; 
X2 ausgewahlt ist aus der Gruppe, bestehend aus Tyr, Thr, Glu, Asp, Ala, His, Ser oder Phe; 
Xs ausgewdhit ist aus der Gruppe, bestehend aus Pro, Glu, Asp, Ser, Thr oder His; 
Xg ausgewahlt ist aus der Gruppe, bsstehend aus Lys, Thr, Ser, Ala, Asp oder Glu; 
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Xe -OHist; 

ausgewdhit 1st aus der Gruppe, bestehend aus Asn, Asp, Gly, Ser, Glu Oder Ala und 
Y2 ausgBwahIt isl aus der Gruppe, bestehend aus Asn, Gin, Glu oder Asp. 

S 6. Analoge von menschlichem Insulin nach Anspruch 2, wobel 



X-i ausgewdhit 1st aus der Gruppe, bestehend aus Phe, Ala His, Thr. Ser. Asn oder Tyr; 

Xg ausgewahit isl aus der Gruppe, bestehend aus Tyr, Thr, Glu, Asp, Ala, His, Ser oder Phe; 

X3 ausgewahit 1st aus der Gruppe, bestehend aus Pro, Glu, Asp, Ser, Thr oder His; 

10 X5 und Xg zusammen die C-terminale Hydroxygruppe bilden; 

Y-i ausgewahit Ist aus der Gruppe, bestehend aus Asn, Asp, Gly, Glu, Ser oder Ala und 

Yg ausgewahit ist aus der Gruppe, bestehend aus Asn, Gin, Glu oder Asp. 



7. Analoge von menschlichem Insulin nach Anspruch 2, wobel X^ Phe Ist; X2 Tyr Isl; X3 Thr Ist; X5 Lys Ist; Xg Thr- 
is OH ist; Y, ausgewahit ist aus der Gruppe, bestehend aus Asn, Asp. Ser oder Gly und Y2 ausgewahit ist aus der 

Gruppe, bestehend aus Asn, Gin, Asp oder Glu. 

8. Analoge von menschlichem insulin nach Anspruch 2, wobel X, Tyr Ist; Xg Thr Ist; X3 Pro 1st; Xg Thr Ist; Xq -OH let; 
Y^ ausgewShlt Ist aus der Gruppe, bestehend aus Asn, Asp, Ser Oder Gly und Yg ausgewahit Ist aus der Gruppe, 

^ bestehend aus Asn, Gin, Asp oder Glu. 

9. Analoge von menschlichem Insulin nach Anspruch 2, wobei X, Phe ist; X2 Thr ist; Pro isl; Xg Thr ist; Xe -OH 
Ist; Y^ ausgewahit Ist aus der Gruppe, bestehend aus Asn, Asp, Ser oder Gly und Yg ausgewahit ist aus der 
Gruppe, bestehend aus Asn, Gin, Asp oder Glu. 

2S 

10. Analoge von menschlichem Insulin nach Anspmch 2, wobel Xi Phe ist; )^ Tyr Ist; Xa Pro Ist; X5 Thr ist; Xg -OH 
ist; Y^ ausgewahit Ist aus der Gruppe, bestehend aus Asn, Asp, Ser oder Gly und Yg ausgewahit ist aus der 
Gruppe, bestehend aus Asn, Gin, Asp oder Glu. 

^ 11. Analoge von menschlichem Insulin nach Anspruch 2, wobei die Aminosaure X, keine Ladung besrtzt und ein 
Kohienstotfatom in der Gamma-Position besltzt, das sp^hybrldislert Ist und Xe -OH ist. 

1Z Analoge von nrtenschllchem insulin nach Anspruch 11, wobel Y^ und Y2 ausgewahit sind aus der Gruppe, beste- 
hend aus jeder beliebigen naturlich vorkommenden Aminosaure mit Ausnahme von Asn und Xg ausgewahit ist 
3S aus der Gruppe, bestehend aus jeder beliebigen naturlteh vorkommenden Aminosaure mit Ausnahme von Thr und 
Pro. 

13. Analoge von menschlichem Insulin nach Anspruch 11, wobei Xg und Xe zusammen -OH bilden. 
^ 14. Verfahren zur Hersteilung eines Analogen von menschlichem Insulin mit der toigenden Formei: 



45 
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5 



A-Kettt S- 

I 1 

H-Giy-rie-Val-GLu-Gin-Cys-Cvs-Tr.r-Ser-ILe 
123456 lS9 10 

S 



■Cys-Ser- 
11 12 



■S 



B-Kette 



S 



10 



H-?r.4-Val-Y2-Gln-Kis-Leu-Cys-Gly-Ser-His 
1 2 34 5 673 3 10 



Le'j-Val 
11 12 



I 



IS 



A-Ketie (Fortscizung) 

13 14 15 16 17 13 19 20 21 
L3U-Tyr-Gir.-Leu-Glu-Asa-7yr-Cys~:i-0r: 



20 



B-Kette (Fortsetzung) S 




Glu-Aia-LeL:--Tyr-Leu-Val--Cys-Gly-Glu-Arg-Giy-?he- 
13 14 15 16 17 13 19 20 21 22 23 24 

S -Chain (contdj 



25 26 27 28 29 30 



wobel Xi, X2, Xg, Yi und jede belleblge, nalOrllch vorkommende Aminosaur© sfnd: X4 Lys oder Arg 1st; X5 
ausgewahll isl auG der Gmpps, bestehend aus jeder beliebigen, naturiich vorkommenden Aminoeaure mit Au8- 

35 nahme von Pro; und Xe jede belieblge natOrlich vorkommende Aminosaure ist, die die C-terminale Hydroxygruppe 
tiagt, Oder -OH oder Xg und X^ zusammen die Oterminale l-tydroxygruppe bildan, wobel aina DNA-Sequenz, dia 
ain VDrlaufennoleldjI des Insulin-Analogen kodiertp in eh gaaignetes Hefe-Exprasslone-Vehilcel ineertiert ist, das, 
wenn es in i-iefe aberfOhrt wird, in der Ijage ist, den Vsridufer des Ineulln-Anaiogen zu exprinrtieren und zu seicre- 
tieren, in dem [LysB28|, [ArgB2B], [LyaBas] oder [ArgBZB] mit Gly^i verbunden ist dureh eins Peplldbindung oder sin 

40 PeptidderFormeliil 



wobei R eina Peptidlcatta mit n Aminosaureresten, n aine ganze Zaht von 0 bis S3 und R(1 ) Lys oder Arg ist, der 
tiansfomriierte Hefestamm in einam geeignetan Nahrmedium gezuchtet wird, und der Vbrlaufer aus dam Kultur- 
medium wiedergewonnen und mit einer Aminoverbindung der Formel IV 



umgesetzt wird, wobsi Q ain einzelnar Aminosaurerast ist und R" eina Carboxy-Schutzgruppe wia Methyl oder 
tert-Butyi ist, unter Vbnivendung von Trypsri oder einem Trypsin-artigen Enzym als Katalysator In einem Gemlsch 
von Wasser und organlsclien L6sungsm}ttein, woraufhin die Garboxy-Schulzgruppe entfernt wird und das Insulh- 
Analoga aus dem ReaictbnsgemisGii isoiiert wird, oder 

ein Vbrlaufer eines insulln-Anaiogen, IndemdIeC-terminale Aminosaure niclit Lys oder Arg Ist, wobei der Vbrlgufer 
eine BrOcke aus einem ainzeinen Paar von basischen Aminosauren, ausgewahit aus der Gruppe, besteliend aus 
Lys und Arg, zwischen dem C-terminalen und Qiy^i besitzt, isoiiert werden kann und dann durch enzymatische 



-R(n)-R(1). 



GO 



Q-QR" 



43 



5 



IS 



20 



30 



EPO 375437 B1 

Behandlung untsr Varwendung von Trypsin odar Carbcncypeptidase B in das Insulin-Analoge umgewandalt warden 
kann. 

IS. Verlahren zur Hersteltung eines Analogen von menschlichem Insulin mit der folgenden Formel: 



A-Kene S S 

I 7 I 

K-Gly-Ile-VaL-GIu-^Gln-Cyo-Cvs-Thr-Ser-Ile-Cys-Ssr- 
w 1^ 2 3 4 5 6 I 8 9 10 IL 12 

S 

B-Kecte S 

I 

r>rhe-Val-V2-Gin-His-Leu-Cy's-Giy--Ser-His-Lei:-VaL 
123456789 10 11 12 



A-Kette (Fortsetzung) 

13 14 15 16 17 13 19 23 21 
Lau-Tyr-Glr.-Leu-Glu-Asp.-Tyr-Cys-Yi -OH 

I 



B-Kette (Fortsetzung) S 

Glu-Ala-Leii-Tyr-Leu-Val-'Cys-Gly-Glu-Arg-Giy-Pr.e- 
15 14 15 16 17 18 19 20 21 22 23 24 

S-Cr.ain (coacd,) 



X1-X2-X3-X4-X5-X6 
35 25 26 27 28 29 30 

wobel Xv X2, X3, und jede beltebige, naturllch vorkcffnmende Aminosaure sind; X4 Lys Oder Arg 1st; 
ausgewahtt ist aus dar Gnippe. bastehend aus jadar baliebigan, nalQfiich voiicommanden Aminosaure mit Aus- 

40 nahme von Pro; und X^ Jede belieblge natQrIich vorkommende Amlnos^re Isl, die die C^ermlnale Hydroxygruppe 
tiagt, Oder OH odar X^ und zusammen die C-temnlnale Hydrt»cygnjppe bilden, wobal menschlichee Dee 
(B23-B30)-lnsulln hergestellt wird durch Behandein eInes Insulins mit Trypsin unter Abspattung der (B23-B30)- 
Aminosauren, das gewunschle Peptid von sechs bis acht Aminosauren synlhetisiert wird, das resuitierende Peptid 
an menschliches Des-(B23-B30)lnBulin galooppett wird und das resultiefsnda Insulin-Analoge aus dam Reakb'ons- 

45 gemisch isoliert wird. 

16u Verfaiiren zur Hersteilung einer pharmazeutischen Zusammensetzung, umfassenddas Formuileren eines Analo- 
gen von menschlichem insulin gemaB einam der AnsprQcha 1 bis 13 oder eines pharmazeutisch vartraglichan 
Salzes davon mit ainam pharmazeutisch vertraglichen Trager. 

$0 

17. Verfahren nach Anspruch 16, wobai das Insulin-Analoge eine garinge Ldslichkait bei pH 7,3 aufweist. 

ia Verfahren nach Anspruch 17, wobai das Insulin-Anabga im wesenllichen monomer ist. 

ss ia Verlahren nach Anspruch 1 6, wobel die pharmazeutische Zusammensetzung als eine waBrlge Losung formuiiert 
ist 

20. Verfahren nach Anspruch 16, wobei die pharmazeutische Zusammensetzung als eine waBrige Suspension lor- 
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muliBrt ist. 

21. Verfahren nach Anspruch 16, wobei der pharmazsutisch vertragliche Tragar eine waBrigs tsotonischs Losung ist. 

s 22. Verfahren nach Anspruch 1 9. 20 oder 21 , wobei die waBrige Losung, waBrige Suspension Oder waBrige isotonische 
Losung werterhin ZInklonen undADder einen Puffer unrriaBt wie Acetat oder Citrat und/bder einen Konservlerungs- 
stoiff wie m-Kresol, IMethytpareben oder Phenol. 

23. Vertahren nach Anspaich 16. wobei die pharmazeutlsche Zusammensetzung mehr als ein Insulin^Analoges um- 
10 faBt. 

24. Verfahren nach Anspmch 16, wobei die phamnazeutische Zusammensetzung fQr eine mukosale oder tianskutane 
Verabreichunglormutiert ist 

IS 25. Verfahren nach Anspmch 1 6, wobei die pharmazeutlsche Zusammensetzung fQr eine parenlerale \ferabreichung 
formullert Ist. 

26. Verwendung einer Verbindung gemSB elnem der AnsprOche 1 bis 1 3 zur Herstellung eines Medlkamenis zur Ver- 
wendung bel der Behandlung von Diabetes. 

20 

Revendicatione 



2S Revendicatione pour lea Elato eomractanta suivante : AT, BE, CH, DE, FR, OB, IT, U, LU, NL, SE 

1 . Analogues d'insuline humains, caractBrises en ce qu'ils ont un residu d'acide amind charge positivemsnt, c'estia- 
dlre Lys ou Arg, h la position B26, c'estn^<ilre h la position 8 dans la chaTne 5 calculi ^ partlr de [Gly^^], qu'ils 
sont en option de plus modifies a I'sxtremite Oterminals de la chaThe B da [Phs'^^] au res'du d'acide amine 0- 

30 terminal, d la condition qu'il n'y alt pas Pro £i la Position 629* et qu'en option A21 ettou Bd sont diffdrents de Asn. 

2. Analogues d'insuline humaine, caractdrisds en ca quMIs ont la formule : 



3S 



40 
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Chaine A 

S s 

I 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Sor-Ile-Cys-Sar- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

Chaine B S 

I 

H-Phe^Val-Y2 -Gln-Hx s -Leu-Cys -Gly-Ser-Hi s -Leu-Val 
123456789 10 11 12 
Chaine A (suite) 

20 

Leu - Ty r -Gl n-Leu-Gl u-As n Ty r- Cys -Yi -OH 
13 14 15 16 17 18 19 I 21 



Chaine B (suite) S 

1 

Glu~Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 



Chaine B (suite) 
Xi— X2 -X3 -X4 -Xs -x$ 
25 26 27 28 29 30 



ou Xi, Xg, X3, Yi et Ygsontlout r6sldu d'aclde amln§ survenant naturellement, )^ est Lya ou Arg, X5 est s^tedlonn^ 
parmi le groupe constitu^ de tout r^idu d'aclde amind survenant naturellement d Texception de Pro, et )^ est tout 
residu d'acide amiriB survenant nature! lemsnt portant le groupe hydroxy le, ou -OH, da rextremite C4ermlnala, ou 
X5 et Xe lorment ensemble le groupe hydroxyle de i'extr^nnitd C-tenminale. 

Analogues d'Insullne humalne selon la revendlcatlon 2, dans lesquels et/ou Y2 est sdlectlonnd parmi le groupe 
constitue detout residu (facide amine survenant naturellement a rexception de Asn. 

Analogues d'Insullne humalne selon la revendlcatlon 2. dans lesquels 

Xi est sdlectionnd parmi le groupe constitud de Phe, Ala, His, Thr, Ser, Asn ou Tyr, 
X2 est selectionnd parmi le groupe constitue de Tyr, Thr, Glu, Asp, Ala, His, Ser ou Phe, 
Xa est s6lectlonn6 parmi le groupe constitue de Pro, Qiu. Asp, Ser, Thr ou His. 
X5 est sdlectlonnd parmi le groupe consdtud de Lys, Thr. Ser, Ala, Asp ou Giu, 

Xg est sdlectbnnd parmi le groupe constitud de Thr-OH, 8er-OH, Ma-OH, Asp-OH, Glu-OH ou -OH, ou X^ et Xs 

torment ensemble le groupe hydroxyle de rextr6mlt6 C^emnlnale, 

est selectionne parmi le groupe constitue da Asn, Asp, Gly, Ser, Glu ou Ala et 
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Yg est sdlBctionnd parmi le groups constitud da Asn. Gin, Glu ou Asp. 

5. Analogues cfinsulins humains salon la revendication 2, cfans lasquals 

5 X, est sdlectlonnd parmi la groups constitud de Phe, Ala, His, Thr, Ser, Asn ou Tyr, 

X2 est 8§lecllonn6 parmi le groupe constttufi de TVr, Ihu Olu, Asp, Ala, His, Ser ou Phe, 

X3 est 96lectlonn6 parmi le groupe constitu6 de Pro, Glu, Asp, Ser, Throu His, 

Xs est sdlactionnd parmi la groupe constitud de Lys, Thr, Ser, Ala, Asp ou Glu, 

Xe est -OH, 

10 Yi est ssleclionne parmi la groups consthua de Asn. Asp, Gly, Ser, Glu ou Ala st 

Y2 est s6leclionn6 parmi le groupe constitud de Asn, Gh, Glu ou Asp. 

6. Analogues d'insuline hunraine selon la revendication 2, dans lasquals 

IS Xy est Bslactionns parmi le groupe constitue de Phe, Ala, His, Thr, Ser. Asn ou Tyr, 

est s6lecllonn§ parnnl le groupe constllu§ de lyr, Thr. Qlu. Asp, Ala, His, Ser ou Phe, 
Xg est selaclionne parmi le groupe constitue de Pro, Glu, Asp, Ser, Thr ou His, 

Xg et Xe torment ensemble le groupe hydroxyle de la termlnalson C^ermlnale, 
Yi est s§lecllonn6 parmi te groupe constltu6 de Asn, Asp, Gly, Glu, Ser ou Ala, et 

20 Y2 est sdlactionnd parmi le groupe constitud de Asn, Gin, Glu ou Asp. 

7. Analogues d'insuline humains sslon la rsvendication 2, dans lasquals Xt est Phe, Xg est Tyr, X3 est Thr, Xg est 
Lys, Xe est Thr-OH, Y, est sdlectionnd parmi le groupe constilu6 de ^ten, Asp, Ser ou Gly et Yg est sdlecltonnd 
parmi Is groups constltud ds Asn, Gin, Asp ou Glu. 

2S 

8. Analogues tf insulins humalne ssbn la revendication 2, dans lesquels X, est Tyr, Xg est Thr. X3 est Pro, Xg est 
Thr, Xe est -OH, Y^ est selsctionno parmi Is groupe constitue da Asn, Asp, Sar ou Gly at Yg sst selaclionne parmi 
le groupe constitue de Asn, Gin, Asp ou Glu. 

30 9. Analogues d'insuline humalne selon la revendication 2, dans lesquels X, est Phe, X2 est Thr, X3 est Pro, X5 est 
Thr, Xe est -OH, Y-, est s6lectionn§ parmi le groupe consilium de Asn. Asp. Ser ou Gly et Yg est s6lectlonn6 parmi 
la groupe constitud da Asn, Gin, Asp ou Glu. 

ia Analogues d'insuline humaine selon la revendication 2, dans lesquels X, est Phe, Xq est Tyr, est Pro, Xg est 
3B Thr. Xe est -OH, Y^ est s6lectionn6 pamil le groupe constitue de Asn, Asp, Ser ou Gly et Y^ est s6lectlonn6 parmi 
la groupe constitue de Asn, Gin, Asp ou Glu. 

11. Analogues d'insuline humalne selon la revendicallon 2, dans lesquels ledit acide amind Xi est non-chargfi et a un 
atoms da cartsona k la position gamma qui sst hybridd par sp2 at Xe sst -OH. 



40 



1Z Analogues d'insuline humains selon la revendication 1 1 , dans lesquels Y^ et Yg sont sslectionnds parmi le groups 
constltu6 de tout r6sldu d'aclde amln6 sun/enant naturellement & I'exceptlon de Asn et }^ est s6lectlonn6 parmi 
le groupe constltu6 de tout r6sldu d'aclde amln6 sun/enant naturellement £1 I'exceptlon de Thr et Pro. 

45 13. Analogues d'insuline humaine selon la revendication 11 , dans lesquels X5 Xg forment ensemble -OH. 

14. Composition pharmaceutique comportanl un analogue d'insuline humaine ayant la lonmule suivante : ChaTne A 



so 



ss 
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S S 

I 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

Chaine B S 

I 

B-Phe-Val-Y2-61n-His-Leu-Cys-Gly-Ser-His-L6u-Val 
123456789 10 11 12 
Chaine A (suita) 

20 

Leu-Tyr-Gln-Leu-Glu-Asn-Tyx-Cys-Yi-OH 
13 14 15 16 17 18 19 | 21 



Chaine B (suite) S 

I 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-'Glu-Arg'-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 
Chaine B (suite) 

Xi-X2-X3-X4-X5"X€ 
25 26 27 28 29 30 

ou Xi, Xg. Xs, Yi et Ygsonttout rdsldu d'aclde amind survenant naturellement, X4 est Lys ou Arg, X5 est s6tectlonn6 
parmi la groups constrtud de tout rteidu d'acida amind survenant naturellament k rexception ds Pro, at est tout 
r6sidu d'acide amin6 survenant naturellement portant le groupe hydroxyle, ou -OK de I'extr6mit6 C-terminale, ou 
Xg St Xeforment ensemble le groupe hydroxyle de Fextrdmltd C-tennlnaleou un sel de celui-ci pouvant dtreac»ept6 
pharmaceudquement et un support pouvant 6tre accepts pharmaceutlquement. 

15. Composition pharmaceutlque selon la revendlcatlon 14, dans laquslle ledit analogue dreullne presents une falble 
solubility &pH 7,3. 

ia Composition phannaceutlque eelon la revendlcatlon 15. dans laquelle ledIt analogued'insullne est essentlellement 
monomdrique. 

17. Composition pharmaceutique selon la revendlcatlon 14, dans laquelle ladlte composition pharmaceutlque estlor- 
mulee sous la lorme d'une solution aqueuse. 

ia Composition pharmaceutique selon la revendlcatlon 14. dans laquelle ladite composition pharmaceutique esttor- 
muhSe sous la lomie d'une suspension aqueuse. 

19. Composition pharmaceutlque selon la revendication 14, dans laquelle ledit support pouvant Strs accepts pharma- 
ceutlquement est une solution Isotonlque, aqueuse. 
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2a Composition pharmaceutique salon la revendication 17, 18 ou 19, dans laqusila lesdites solution aquause, sus- 
pension aqueuse ou solution Isc^onlque aqueuse comportent de plus des Ions zinc et/ou une solution tampon, 
tella que da Pacatata ou du citrata et/ou un agant de consen/ation tel qua du m-cresol. du p-hydroxybenzoata de 
mdthyla ou du phenol. 

5 

21. Composition pharmaceutique salon la revendication 14. dans laquelle ladite composition phannaceutlque com- 
porte plus de un analogue d'Insullne. 

22. Composition pharmaceutique selon la revendication 14, dans laquelle iadlte composition pharmaceutique estlor- 
to mulda pour une administration par muquausa ou transcutanee. 

23. Composition pharmaceutique selon la revendication 14, dans laquelle une composition pharmaceutique est lor- 
mulee pour una administration paranterale. 

IS 24. Composition pharmaceutique selon la revendication 1 4, dans laquelle est seleclionnd parmi le groups oonstltu^ 
de tout r6sldu d'aclde amind sun^enant naturellement d I'exceptlon de Pro. 



25. Composition pharmaceutique selon la revendication 14 ou 24. dans laquelle Y, et/ou Y2 est s§lectlonn§ parmI le 
groupe constitu6 de tout r^sidu d'aclde amln6 sun/enant naturellement h I'exceptlon de Asn. 

20 

26. Composition phamiaceulique selon la revendication 14, dans laquelle 

X, est s61ectionn6 pamrii le groupe constltu6 de Phe, Ala, His. Thr. Ser, Asn ou Tyr, 
Xg est sdiectionnd parmi la groupa constitua da Tyr, Thr, Glu, Asp, Ala, His, Ser ou Phe, 
2S est seiectionne parmi le groupe constituo de Pro, Glu, Asp, Ser, Thr ou His, 

Xs est s6lecllonn§ parmi le groupe constitud de Lys, Thr, Ser, Ala, Asp ou Glu, 

X^ est seiectionne parmi le groups constitua de ThrOH. Ser-OH, Ma-OH. Asp-OH. Glu-OH ou -OH. ou X^ at Xs 
torment ensemble le groupe hydrocyie de i'extr6mlt6 C-temiinale, 
est sdlactionnd parmi le groupa constitua de Asn, Asp, Giy, Ser, Glu ou Ala at 
30 Y2 est sdlectlonnd parmi le groupe constitua de Asn, Gin, Glu ou Asp. 

27. Composition pharmaceutique salon la revandication 14, dans laquelle 

X, est sfilactionnd parmi te groupa constitua da Phe, Ala, His, Thr, Ser, Asn ou Tyr, 

3S X2 est s6iectlonn6 parmi le groupe conslitu6 de Tyr, Thr. Glu. Asp, Ala, His, Ser ou Phe, 

Xg est soleclionne parmi le groupe constitud da Pro, Glu, Asp, Ser, Thr ou His, 

Xg est sdlectionnd parmi le groupa constitud de Lys, Thr, Ser, Ala, Asp ou Glu, 

Xe est -OH, 

Y^ est sdlectionnd parmi la groupa constitua de Asn, Asp, Gly, Ser, Glu ou Ala at 

40 Y2 est sdlectlonnd parmi le groupe constttud de Asn, Gin, Glu ou Asp. 

2a Composition phanrnaceullque selon la revendication 14, dans laquelle 

X, est seiectionne parmi le groupe constitua de Phe, Ala, His, Thr, Ser. Asn ou Tyr, 

45 Xg est 8§lectlonn6 parmi le groupe constttu6 de TVr, Thr, Glu, /tep, Ala, His, Ser ou Phe. 

X3 est sdlectionnd parmi le groupe constitud de Pro, Glu, Asp, Ser, Thr ou His, 

Xg et Xe tomf^m ensemble le groupe hydroxyle de la terminalson C-termlnale, 
Y^ est seiectionne parmi le groupe constitud de Asn, Asp, Gly, Glu, Ser ou Ala, et 

Y2 est sdlectionnd parmi le groupe constitud de Asn, Gin, Glu ou Asp. 

so 

29. Composition phamnaceutique selon la revendication 14, dans laquelle X, est Phe, Xg est Tyr, Xs est Thr, Xg est 
Lys, Xg est Thr-OH, Y^ est 86lectionn6 parmi le groupe constrtud de Asn. Asp, Ser ou Gly et Y2 est sdlectlonnd 
parmi la groupa constitua da Asn. Gin. Asp ou Glu. 

SB 30. Composition pharmaceutique selon la revendication 14. dans laquelle X^ est Tyr, X2 est Thr, Xs est Pro. Xg est 
Thr, Xe est -OH, Y^ est sdlectionnd parmi le groupe constitud de Asn, Asp, Ser ou Gly et Yg est sdlectionnd panni 
le groupe constltud de Asn, Gin, Asp ou Glu. 
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31. Composition pharmacsutique selon la revendication 14. dans laquelle X| est Phe, )^ est Thr. X3 est Pro. X5 est 
Thr, Xe est -OH. est s6lectlonn6 parmi le groupe constltu6 de Asn, Asp, Ser ou Qly et Y2 est sdlecllonn^ parmi 
le groupe constitue de Asn, Gin, Asp ou Glu. 

5 32. Composition phamiaceutique selon la revendication 14, dans laquelle est Phe. est Tyr, X3 est Pro, X5 est 
Thr, Xe est <OK yt est sdlectlonnd parmi le groupe constitu6 de Asn, Asp, Ser ou Qly et Y2 est s^lectlonnd parmi 
le groupe constitud de Asn, QIa Asp ou QIu. 

33. Composition pharmaceutique selon la revendication 14, dans laquelle ledit acide amind X^ est non-^hargd et a 
10 un atome de carbone k la position gamma qui est hybride par sp^ et X^ est -OH. 

34. Composition pharmaceutique selon la revendication 33, dans laquelle et Yg sont selectionnes parmi le groupe 
constrtue de tout residu d'acide amine sun/enant naturellement a I'exception de Asn et X^ est seiectionne parmi 
le groupe constltud de tout r^idu cfacide amln6 survenant naturellement d I'exception de Thr. 



IS 



20 



30 



36 



40 



4S 



so 



35. Composition pharmeceullque selon la revendication 33, dans laquelle X5 et Xelonment ensemble -OH. 
3a Processus pour preparer un analogue d'Insuline humaine ayant la lomiule sulvante : 

Chaine A 

S S 

I 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Sor-Ile-Cys-Sar- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

Chaine B S 

I 

H-Phe-Val-Y2-Gln--His-Leu^CYS-Gly-Ser-His-L6U--Val 
123456789 10 II 12 
Chaine A (suite) 

20 

Leu-Tyr-61n-Leu-Glu-Asn-Tyr-Cys-Yi-0H 
13 14 15 16 17 18 19 | 21 

I S 



Chaine B (suite) S 

I 

Glu-Ala-Leu-Ty r-Leu-Val -Cys -Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 
Chaine B (suite) 
ss Xx -X2 -X3 -'X4 -X5 -Xfi 

25 26 27 28 29 30 
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ou Xt . X2. X3, Yi et Yg sont tout residu d'acide amind survenanl naturellement, X4 est Lys ou Arg, Xg est s^lactionnd 
parmi le groupe constltu6 de tout r6sldu d'acide amln6 survenant naturellement a I'exceptlon de Pro, et Xe est tout 
rasidu d'acide amine suivenant nalurellament portant la groupe hydroxyle. ou -OH, de rextremlle C-terminale, ou 
X5 et Xe torment ensemble le groupe hydrcscyle de rextr6mlt6 c-termlnale. une s6quence d'ADN codant pour un 
prdcurseur de Tanalogue d'insullne en question etant insdrd dans un vdhicule d'expression da levure adapts qui, 
lorsqu'il est trans16r6 dans la levure, est capable d'exprlmer et de s6cr6ter le pr6curseur de ranalogue d'insullne 
dans lequel [Lys^aB], [Arg^], [Lys^ ou [ArgB»] est rell6 h Gly^i par une liaison peptkJique ou un peptide ayant 
lafonnulelll 

ou R est une chaine peptldlque ayant n r6sldus d'acide amInd, n est un entler compris entre 0 et 33 et est Lys 
ou Arg, la souche de levure transformde est cultivee dans un milieu nutritif adapte, et le precurseur est rdcupdrd 
k partir du bouillon de culture et mis h rteglr avec un composd amInd ayant la lormule IV 

OOR' 

OCi Q est un r^sldu d'acide amln6 unique et R" est un groupe de protection carboxyle tel qu'un m6thyle ou un tert- 
butyle, en utilisant de la trypsine ou une enzyme du type trypsine en tant que catalyseur dans un mdlanga d'eau 
et de solvents organlques, aprfes cecl le groupe de protection carboxyle est €\\mM et ranalogue d'insullne est 
Isold du melange da reaction, ou 

un prdcurseur d'analogue d'Insuline dans lequel I'acide amine de Pextremite C-termlnaiB est different de Lys 
ou de Arg, ledit precurseur ayanl un pont constltud d'une paire unique d'acldes amines baslques s6lectlonn6s 
parmi Is groupe constitue de Lys et Aig entre Paxtr6mit6 C-terminale et Gly^^peut itre Isold et ensuite convert! 
dans ranalogue d'insullne par traitement enzymatlque en utilisant de la trypsine et une carboxypeplkJase B. 

37. Processus pour preparer un analogue d'insullne humalne ayant la fomiule suivante : 
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Chalne A 

S S 

I 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

Chains B S 

I 

H-Phe-Val-Y2-Gln-Hi8-Lftu-Cys-61y-Ser-Hi8-Leu-Val 
12345678 9 10 11 12 
Chalne A (suite) 

20 

Leu - Tyr-Gl n-Leu-Glu-Asn- Tyr -Cys -Yi -OH 
13 14 15 16 17 18 19 I 21 

I 

Chaine B (suite) S 

I 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 
Chaine B (suite) 

Xi-X2-X3-X4-Xs-X6 
25 26 27 28 29 30 

oD X^. X2>X3. Yi et Ygsonttout r6sldu d'aclde amln6 survenant naturellement, X4 est Lys ou Arg, Xs est s6lectionn6 
parmi le gioupe oonstitud de lout rteidu dfacida amind survenant natuFBllement k I'exceptbn de Pro. et )^ est tout 
r^idu d'aclde amln§ survenant naturellement portant le groupe hydroxyle, ou -OH, de rextr6nnl16 C^ermlnale, ou 
X5 el Xg torment ensen*le le groupe hydroxyle de I'extrgmlt^ C-temninale, dans lequel des(B23-B30)-lnsullne 
humainB est prepare en traHant una insulins par la trypsins pour cliver les acides aminfe (B23 k B30), le peptide 
voulu de six k hult acides amines est symh§tls6. le peptide resultant est rell6 k des(B23-B30)-lnsullne humaine, 
et I'analogue d'InBuline rdsultant est Isold du mdlange da rdaction. 

3a Utilisation d'un composd selon Tuna quelconque des revendications 1 k 13 pour la preparation tfun mddicamsnt 
destind k dtrs utillsd dans le traitement de diabetes. 

Revendleatlons pour I'Etat eontraotanl sulvant : ES 

1 . Processus pour preparer un analogue d'insuline hunr»lne ayant la lormule suivante : 
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Chaina A 

S S 

I 7 I 
H-GXy-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
12 3 4 5 6 I 8 9 10 11 12 

S 
1 

Chaine B S 

I 

H-Pha-Val-Y2-Gln-Hi8-Lftu-Cy3-Gly-Ser-Hi8-Leu-Val 
123 4 567 8 9 10 11 12 
Chaine A (suite) 

20 

Leu-Tyr-Gln-Lau-Glu-Asn-Tyr-Cys-Yi-OH 
13 14 15 16 17 18 19 I 21 

, S 

I 

I 

Chaine B (suite) S 

I 

Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 IB 19 20 21 22 23 24 
Chaine B (suite) 
X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 

oDXvX2,X3, Yi etY2Sonttoutr6sldu d'acideamin^survenantnaturellement, X4est Lysou Arg, Xsests^lecllonne 
parmi Is giDupa oonstitud da lout rteidu cfacide amM survenant nature llement a I'axception de Pro, et )^ est lout 
r6sldu d'acWo amlnd aurvenant naturellement portant le groupe hydroxyle, ou -OH, de I'extr6mlt6 C-terminale, ou 
X5 et Xe forment ensemble le groupe hydroxyle de I'extr6mft6 C^ermlnale. une sequence d'ADN codant pour un 
prdcurseur de I'analogue d'lnBuline en question etant insere dans un vehlcule d'expression de lavura adapts qui, 
lorsqu'll est transf6r6 dans la levure, est capable d'exprlmer et de s6cr6ter le pr^curseur de tanaiogue d'Inaullne 
cbriB lequel [b^s^, [Aig^aB], [Lys^ad] ou [ArgSasj esl ralld k GlyA^ par une liaison peptidique ou un peptide ayant 
laformulelll 

oCi R est une chaTne peptidique ayant n rdsidus d'acide amln6. n est un entler compris entre 0 et 33 et R» est Lys 
ou Arg, ia souche da levure Iransformde est cultivde dans un milieu nulrittf adaptd, at le prdcurseur est rscupera 
d partir du bouillon de culture et mis & r^gir avec un composd amln6 ayant la formula IV 

Q-OR' 
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Ou Q est un rasidu d^acide amind unique et R" esl un groupa ds protection carboxylo tel qu'un mdthyle ou un tert- 
butyle, en utlllsant de la trypslne ou une enzyme du type trypshe en tant que catalyseur dans un melange d'eau 
et de solvents oiganiques, apres cecl le groupe de protection carboxylo est olimine et Panalogue d'Insuline est 
\so\6 du melange de ration, ou 
s un prdcurseur d'analogue d'insuline dans laquel I'acide amind de Pextrdmitd C-terminale est difldrent de Lys 

ou de Arg, ledit pr^curseur ayant un pent conetltud d'une paire unique d'acldes amines baslques s^lectlonnfis 
parml ie groupe constilu6 de Lys et Arg entre Pextr6mll§ C-termlnale et Gly^*' peut etre lsol6 et ensulte converti 
dans Panalogue d'insuline par traitement enzymatique en utilisant da la trypslne et une carboxypeptidase B. 

10 2. Processus pour preparer un analogue d'insuline hunnaine ayant la lonmule suivante : 



Chalne A 

S S 

I 7 I 
H-Gly-Ile-Val-Glu-Gln'-Cys-Cys-Thr-Ser-Ile-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

20 S 



2S 



Chaine B S 

1 

H-Phe-Val-Y2-Sln-His-Leu'-Cys-Gly-Ser-His-Leu-Val 
1234567 89 10 11 12 



Chaine A (suite) 

30 

20 



Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-^H 
13 14 IS 16 17 18 19 I 21 



$s 



40 



r 



-s 



Chaine B (suite) S 

I 

Glu-Ala'-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 IS 16 17 18 19 20 21 22 23 24 
Chaine B (suite) 
X1-X2-X3-X4-X5-X6 
25 26 27 28 29 30 



BO 



oil Xi , X2, X3, Yi et Y2 sont tout residu d'ackJe amine suwenant naturellement. X4 est Lys ou Arg, X5 est seleclionnd 
parml Ie groupe ccnstltud de tout rdsldu d'aclde amin§ sun^enant naturellement A ['exception de Pro, et Xe est tout 
residu d'acide amind suwenanl naturellement portant le groupe hydroxyle, ou -OH, de Textremite C-terminale, ou 
Xg el Xe torment ensen^le le groupe hydriMtyle de rexir6mlt6 C^ermlnale, dans lequel des(B23-B30)-lnsullne 
ss humame est pr§par6 en traitant une insullne par la trypslne pour diver les acldes amines (B23 £1 B30). le peptide 
voulu de six k huit acides amines est synthetise, le peptide resultant est relld k dos(B23-B30)-lnsuline humaina, 
et Panalogue d'insuline resultant eet Isold du melange de reaction. 
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3. Processus salon la revendicalion 1 ou 2, dans Isquei et/ou Yg est s6lectionn6 parmi le groupe constilud de tout 
r68ldu tfacldd amind survenant naturellemont & I'exceptbn de Asn. 



4. Processus selon la revendlcation 1 ou 2. dans lequel 

5 

X, est 9§lectlonn§ pamni le groupe constltu6 de Phe. Ala, His, Thr, Ser. Asn ou lyr, 
est 96lectionn§ parmI le groupe constitu6 de lyr, Thr. Glu, Asp, Ala, His, Ser ou Phe, 

y(Q est sdlectionnd parmi le groupe constilu6 de Pro, Glu, Asp, Ser. Thr ou His, 

Xs est 8§lecllonn6 parmi le groupe constllu^ de Lys, Thr, Sen Ala, Asp ou Glu, 
w Xe est salactionn6 parmi le groupe constilud da Thr-OH, Ser-OH, Ala-OH, Asp-OH, Glu-OH ou -OH, ou Xg et 

Xe torment ensemble le groupe hydroxyle de rextr§mlt6 C-terminale, 

Yi est seleclionne parmi le groupe constilue de Asn, Asp, Gly. Ser. Glu ou Ala et 

Ya est selectionnd parmi le groupe constilue de Asn, Gin. Glu ou Asp. 

IS 5. Processus selon la rsvendication 1 ou 2, dans lequel 



Xy est seleclionne parmi le groupe constilue de Phe, Ala, His, Thr, Ser, Asn ou Tyr, 
est s§lectionn6 parmi le groupe constltu6 de lyr, Thr, Glu, Asp, Ala, His, Ser ou Phe, 
est 96lectlonn6 parmi le groupe constllu6 de Pro, Glu, Asp, Ser, Thr ou His, 
20 Xfi est 66lectionnd parmi le groupe constitud de Lys, Thr, Ser, Ala, Asp ou Glu, 

Xe est -OH, 

Yi est seleclionne parmi le groupe constilue de Asn, Asp, Gly, Ser, Glu ou Ala et 
Y2 est s6lec!ionn6 pamil le groupe constitu6 de Asn, Gh, Glu ou Asp. 

2S 6. Processus selon la revendication 1 ou 2, dans lequel 



X^ est salectionne parmi le groupe constitue de Phe, Ala, His. Thr, Ser, Asn ou Tyr, 

Xg est s6lectlonn6 parmi le groupe constltu6 de lyr, Thr. Glu, Asp, Ala, His, Ser ou Phe, 

Xg est selectionne pamni le groupe constitue de Pro, Glu, Asp, Ser, Thr ou His, 

30 Xg et Xe torment ensemble le groupe hydroxyle de la terminaison C-tenminale, 

Y-i est s61ectlonn6 parmi le groupe constllu6 de >ten, Asp, Gly. Glu, Ser ou Ala, et 

Y2 est sdlsctlonne panni le groupe oonstitud de Asn, Gin, Glu ou Asp. 

7. Processus selon la revendication 1 ou 2, dans lequel X, est Phe, X2 est Tyr, X3 est Thr, Xg est Lys, Xe ®st Thr- 
35 OH, Yi est 8§lectionn6 pamrji le groupe constitue de Asn» Asp. Ser ou Gly et Yg est 861ectlonn6 parmi le groupe 

constitud de Asn, Gin, Asp ou Glu. 

8. Processus seton la revendication 1 ou 2, dans lequel Xi est Tyr, X2 est Thr, Xs est Pro, Xs eet Thr, Xe est -OH, Y^ 
est salectionne parmi le groupe conslltudda Asn, Asp, Ser ou Gly et Y2 est sdlactlonnd panni ie groupe oonslilud 

40 de Asn, Gbn. Asp ou Glu. 

9. Processus selon la revendication 1 ou 2, dans lequel X, est Phe, X2 est Thr, X3 est Pro, Xg est Thr, Xg est -OH, 
Yi est seleclionne pamil ie groupe constitu6 de Asn, Asp, Ser ou Gly et Yg est s6iectionn6 parmi ie groupe constltud 
de Asn, Gin. Asp ou Giu. 

45 

ia Processus selon la revendication 1 ou 2, dans lequel X, est Phe, Xg est Tyr, Xg est Pro, Xg est Thr, Xg est -OH, 
Yi est s6lectlonn6 parmi le groupe constitudde Asn, Asp, Ser ou Gly et Y2 est s6iectionn6 pamii le groupe constitud 
de Asn, Gin, Asp ou Glu. 

60 11 . Processus selon la revendication 1 ou 2, dans lequel ledit acide amine X^ est non-charge et a un atome de carbone 
k la position gamma qui est hybrid^ par sp^ at )^ est -OH. 

12. Processus salon la revendication 11. dans lequel Y^ et Y2 aont sdlectionnes parmi ie groupe constitud de tout 
resldu d'aclde amine sun^enant naturellement k I'exceptlon de Asn et Xg est selectionne parmi le groupe constitue 
66 de tout resldu d'aclde amine sun^enant naturellement k I'exceptlon de Thr et Pro. 



19. Processus selon ia revendication 11 , dans lequel Xg et Xe torment ensemble -OH. 
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14. Processus pour preparer una composition pharmacautque consistant k formulor un analogue cf insulne humaina 
pr$par6 par le processus selon I'une quelcorK|ue des revendlcations 1 13 ou un sel de celul-cl pouvam 6tre 
accapid phaimacautiquennant avec un support pouvant etre accepts pharmaceutiquemant. 

5 15. Processus selon la revandicalion 14, dans lequel ledit analogue d'insuline prdsente une faible solubllitd k pH 7,3. 

1& Processus selon la revendicatlon 15. dans lequel ledIt analogue d'insuline est essentiellennent mononr)6rlque. 

17. Processus selon la revendicatlon H dans lequel ladlte composition pharmaceutique est fomiul6e sous la tonne 
10 dune solution aqueuse. 

ia Processus selon la revendicatlon 14, dans lequel ladite composition pharmaceutique est formulee sous la forme 
cTune suspension aqueuse. 

IS 19. Processus selon la revendicatlon 14, dans lequel ledit support pouvant &tre accepte phanmaceutiquement est une 
solution Isotonlque, aqueuse. 

20. Processus selon la revendicatlon 17. 18 ou 19. dans lequel lesdftes solution aqueuse. suspension aqueuse ou 
solution Isotonlque aqueuse component de plus des bns zinc et/ou une solution tampon, telle que de l'ac6tate ou 

20 du citrate et/ou un agent de conservation tel que du m-crdsol. du p-hydroxybenzoate de mdthyle ou du phdnoL 

21. Processus selon la revendicatlon 14, dans lequel ladite composition pharmaceutique oomporte plus de un analo- 
gue d'insuline. 

2S 22. Processus selon la revendicatlon 14, dans lequel ladite composition pharmaceutique est formulde pour une ad- 
ministration par muqueuse ou transcutande. 

23. Processus selon la revendicatlon 14, dans lequel ladite composition pharmaceutique est formulae pour une ad- 
ministration parantdrala. 

30 

24. Utilisation d'un compos6 pr6par6 dans le processus selon I'une quelconque des revendlcallons 1 ft 13 pour ia 
preparation d'un mddicamsnt dastind k itre ulilisd dans la traitamant da diabetes. 



3S Revendlcations pour I'Etat contraetam suivant : GR 

1. Analogues d'insuline humaine, caracl6ris6s en ce qu'ils ont un resldu d'acide amind charg6 positivement, c'est-A- 
dlre Lys ou Arg, h la position B28, c'esina-dire k la position 8 dans la chains B calcul§e k partir de [Gtf^l qu'ils 
sont an option da plus modifids k i'extrfimitd C-tanminale da la chatne B de [PheB^*] au rdsidu d'acide amino C- 

40 terminal, k la condition quMI n'y alt pas PnD a la Position B29, et qu'en option A21 etfou B3 sont difT6rents de Asn. 

2. Analogues d'insuline humaine. caractdrlsds en ce qu'ils ont la tormule : 



45 



so 
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10 



Chaine A 

S — S 

I 7 i 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-IlG-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 H 12 

S 
I 

Chaine B S 

1 

H-Pha-Val-Y2-Gln-Hi8-Leu-Cys-Gly-Ser-Hi8-Leu-Val 
123456789 10 11 12 

Chaine A (suite) 
20 20 

Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys -Yi-OH 
13 14 15 16 17 18 19 I 21 



2S 



30 



3B 



40 



Chaine B (suite) s 

I 

GIu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 



Chaine B (suite) 

Xi -X2 -X3 -X4 -X5 -Xs 
25 26 27 28 29 30 

ou Xi , Xg, X3, Yi et Y2 sont tout r6sldu d'aclde amin6 survenant naturellement, est Lys ou Arg, Xg eat s6lectlonn6 
parmi le groupe constitu^ de lout r6sidu tfacide amind survenant naturellement t i'exceptlon de Pro, et est tout 
residu d'acida amind euivsnant naturellement portant le groupe hydroxyle, ou -OH, de raxtremrte C^erminala. ou 
45 Xe et Xe torment ensemble le groupe hydroxyle de rextr6mlt6 C-tenmfnale. 

3. Analogues d'lnsullne humaine selon la revendication 2, dans lesquols et/ou Y2 est sdlectlonnd parmI le groupe 
const'rtue de tout residu d'aclde amine survenant naturellement k I'exceplion de Asn. 

BO 4. Analogues tflnsuline humaine selon la revendication 2, dans iesquels 

Xt est s6lectionn6 parmi te groupe constitu6 de Phe, Ala, His, Thr, Ser, Asn ou Tyr, 

Xg est s6lactionn6 parmi le groupe constitua de Tyr, Thr, Glu, Asp, Ala, His, Ser ou Phe, 

X3 est 8dlectlonn6 parmi le groupe constltud de Pro. Qlu, Asp, Ser, Thr ou His, 

65 Xs est s6lectionn6 pamil le groups constltu6 de Lye, Thr, Ser, Ala, Asp ou Glu. 

Xg est selactionne paimi Is groupe consthud da Thr-OH, Sar-OH, Ala-OH, Asp-OH, Glu-OH ou -OH, ou X5 et 

Xe torment ensemble le groupe hydroxyle de I'extr6mll6 C-termlnale, 

Y^ est selactionne parmi le groupe constitua de Asn, Asp, Gly, Ser, Gtu ou Ala et 
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Y2 est sdlactionne paimi le groups constitud da Asn, Gin, Glu ou Asp. 

5. Analogues cfinsulins humains selon la rsvendication 2, dans lesqueis 

5 est sdlsclionnd parmi le groups constitu6 da Phe, Ala, His, Thr, Ser, Asn ou Tyr, 

est 86lectlonn6 parmi le group© constltue de lyr, Thr. Glu. Asp, Ala. His. Ser ou Phe, 

X3 est s§lecllonn6 parmi le groupe constitu6 de Pro, Glu, Asp, Ser, Thr ou His, 

Xg est s6lectionn6 parmi le groups constilud de Lys, Thr, Ser. Ala. Asp ou Giu. 

Xe est -OH, 

10 Yi est seleclionnd parmi la groups constitue de Asn, Asp. Gly. Ser, Glu ou Ala st 

Y2 est s6iectlonn§ parmi le groups constltud do Asn, Gin, Glu ou Asp. 

6. Analogues d'insuline humains selon la revendlcatlon 2, dans lesqueis 

16 Xi est selsctionne parmi Is groupe constitud de Phs. Ala, His, Thr, Ser, Asn ou Tyr, 

Xg est s6lectlonn6 parmi le groupe constltu6 de lyr, Thr, Giu, Asp, Ala, His, Ser ou Phs, 

Xg est selsctionne parmi Is groupe constitud ds Pro. Giu, Asp, Ssr, Thr ou His, 

Xg et Xs lomrienl ensemble le groupe hydroxyle de la terminaison G-temiinale, 

Yi est s6lecllonn6 parmi le groupe constltu6 de Asn, Asp, Gly. Giu, Ser ou Aia, el 

20 Y2 est sdlectionnd parmi le groupe constitud de Asn, Gin. Glu ou Asp. 

7. Analogues d'Insulina humains sslon la rsvsndication 2, dans lesqueis X^ sst Phe, X2 est Tyr. X3 est Thr, Xg est 
Lys. Xe est Thr-OH, Y, est 66lectlonn6 parmi le groupe constitu6 de Asn, Asp, Ser ou Gly et Yg est s6ieclionn6 
parmi Is groupe constitue de Asn, Gin, Asp ou Giu. 

2S 

8. Analogues dinsuilne humaine selon la revendlcatlon 2, dans lesqueis X| est Tyr, X2 est Thr, X3 est Pro, Xg est 
Thr, Xfi sst -OH, Y^ est sslsctionns parmi Is groupe constilue da Asn, Asp, Sar ou Gly at Y2 est seiactionna parmi 
le groupe constitu6 de Asn, Gin, Asp ou Glu. 

90 9. Analogues d'insuline humaine selon ia revendication 2, dans lesqueis X, est Phe, Xg est Thr, est Pro, est 
Thr. Xe est -OH, Yi est s6lectlonn6 parmi le groupe constllu6 de Asn. Asp, Ser ou Gly et Y2 est s^Ieclionnd parmi 
le groupe constrtud de Asn, Gin, Asp ou Glu. 

ia Analogues tf insulina hunreine selon la revendication 2, dans lesqueis X, est Phs. X2 est Tyr, X3 est Pro, Xg est 
as Thr. Xe est -OH, Y^ est s6lectionn§ parmi le groupe constftu6 de Asn, Asp, Ser ou Gly et Yg est s6lectionn6 parmi 
le groupe constitud de Asn, Gin, Asp ou Glu. 

11. Analogues d'insuline humaine selon la revendication 2, dans lesqueis ledit acide amln6 X^ est non-charg6 et a un 
atoms de carbons k la position gamma qui est hybrid^ par sp2 at Xb ^ -OH. 



40 



12. Analogues d'insuline humains sslon la revendication 11 , dans lesqueis Y^ etYaSontsdIoctlonnds parmi ia groupe 
constitue de tout r6sldu d'acWe amin6 sunrenant naturellement k I'exceptlon de Asn et Xg est sdlectlonnd parmi 
le groupe constltu6 de tout r^idu tfacide amln6 survenant naturellement k i'exception de Thr et Pro. 

13. Analogues d'insuline humaine selon la revendication 11, dans lesqueis X^eslX^ forment ensemble -OH. 

14. Processus pour preparer un analogue insulins humaine ayant la lormule sulvante : 



ss 
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10 



IS 



20 



2B 



30 



Chaine A 

S S 

I 7 I 
H-Gly-lle-Val-61u-Gln-Cys-Cys-Thr-Ser-IXe-Cys-Ser- 
1 2 3 4 5 6 I 8 9 10 11 12 

S 
I 

Chaine B S 

I 

H-Phe-Val-Y2-Gln-Hia-Leu-Cya-Gly-Ser-Hia-l.eu-Val 
1234 5 678 d 10 11 12 
Chaine A (suite) 

20 

Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cys-Yi-OH 
13 14 15 16 17 IB 19 1 21 

-S 



r 
I 

Chaine B (suita) S 

I 

Glu-Ala-Leu-Tyr-Lei2-Val--Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 
^ Chaine B (suite) 

Xi — X2 -X4 — X5 ^Xg 
25 26 27 28 29 30 

40 ou Xi , X2. X3. y^ et Yg sont tout rdsldu d'aclde amind survenant nalurellement, X4 est Lys ou Arg, Xs est s6lectionn6 
parmi le groupe oonstitud da tout rssidu d'aclde amind survenant naturellement k Texception de Pro, et est tout 
r6sldu d'aclde amln6 suivenant naturellement portant le groupe hydroxyle, ou -OH, de rexir6mlt6 C-termlnale, ou 
Xe et Xe torment ensemble le groupe hydrt»cyle de I'exlr6mit6 C-temilnale. une sequence d"ADN codant pour un 
precurseurde I'analogue d'lnsulina en question etant insere dans un vehicule dfexpression de ievure adapte qui, 

45 lorsqu'll est transt^r^ dans la Ievure, est capable d'exprlmer et de s6cr6ter le pr^curseur de fanaiogue d'lnsullne 
dans lequel [LysB28], [Aiq^^l [LysB29] ou [ArgB29] est relld k Gly^i par une liaison peptldique ou un peptide ayant 
laformule III 

SO " 

oD R est une chaTne peptldique ayant n residue d'aclde amind, n est un entler compris entre 0 et 33 et FP est Lys 
ou Arg, la soucho de Ievure transformde est cultivee dans un milieu nutritif adapte, et le precurseur est recupere 
k partir du bouillon de culture et mis & r^aglr avec un compose amind ayant la lormule IV 



ss 



Q-OR" 
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Ou Q est un residu d'acide amine unique et R" est un groupe da protection carboxyle tel qu'un mdthyle ou un tert- 
butyle. en utilisant de la trypslne ou une enzyme du type trypshe en tant que catalyseur dans un melange d'eau 
et de solvants organiques, apres cecl le groupe de protection carboxyle est elimine et Panalogue dinsuline est 
isol6 du melange de reaction, ou 
5 un precurseur d-anatague d'insuline dans lequel ("acide amind de rextrdmild C-terminale est difldrent de Lys 

ou de Arg, ledit pr6curseur ayant un pont conetilud d'une paire unique d'acldes amines baslques 86lectionn6s 
parmi le groupe constitu6 de Lye et Arg entre rextr§mlt6 C-termlnale et Gly^^ peut etre lsol6 et ensulte converti 
dans Panalogue d'insuline par traitement enzymatique en utilisant da la trypsins et une carboxypeptidase B. 

10 15. Processus pour preparer un analogue d'insuline humaine ayant la fonnule suivante : 



IB 



20 



£5 



30 



40 



Chaine A 

S S 

I 7 I 
H-Gly-Ile-Val-Glu-Gln-Cys-Cys-Thr-Ser-rie-Cys-Ser- 
1 2 3 4 5 6 I B 9 10 11 12 

S 

I 

Chaine B S 

I 

H-Phe-Val-Y2-Gln-His-Leu-Cys-GlY-Ser-Hig-Leu-Val 
123456789 10 11 12 
Chaine A (suite) 

20 

Leu-Tyr-Gln-Leu-Olu-Asn-Tyr-Cys-Yi-^H 
13 14 15 16 17 18 19 | 21 

1 

Chaine B (suite) S 

I 

Glu-AIa-Leu-Tyr-Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe- 
13 14 15 16 17 18 19 20 21 22 23 24 
Chaine B (suite) 
X1-X2 -X3 -X4 -X5 -Xfi 
25 26 27 28 29 30 



60 



OU X,, X3, Yi el Yasonttout residu d'acide amine survenant naturellement, est Lys ou Arg, Xg est selectionne 
parmI le groupe cxinstltud de tout rdsidu d'acide amind survenant naturellement a I'exceptlon de Pro, et Xb ost tout 
rdsidu d'acide amind survenant naturellement portant la groupe hydroxyle, ou -OH, da I'extrdmild C-terminalo, ou 
Xg et Xe torment ensemble le groupe hydroxyle de I'extrSmltd C-termlnaJe, dans lequel des(B23-B30)-lnsullne 
66 humaine est pr6par6 en traltant une insuline par la trypsine pour diver les acldes amln6s (B23 a B30), le peptide 
voulu da six a huil acldes amines est synthetlse, le peptide resultant est ralid k des {B29-BQ0) -insulins humaine, 
0t ranalogue d'insuline rdsuRant est Isold du mdlange de reaction. 
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ia Processus pour preparer une composition pharmaceutiqua conslstant k formulsr un analogue cTirwuline humaine 
pr6par6 par le processus selon I'une quelconque des revendlcatlons 1 & 13 ou un sel de celul-cl pouvani 6tre 
accepte pharmacautiquement avoc un support pouvant etre accapto pharmaceutiquement. 

5 17. Processus selon la revandication 14. dans lequel ledit analogue d'ineuline prdsente une faible solubiiitd k pH 7,3. 

la Processus selon la revendlcation 15, dans lequel ledit analogue dinsuline est essentlellemert monom6rique. 

ia Processus selon la revendlcation 14, dans lequel ladite composition pharmaceutlque est formulae sous la forme 
10 dune solution aqueuse. 

2a Processus seton la revendication 14, dans lequel ladite composition pharmaceuiiquo est formuWe sous bfomw 
dune suspension aqueuse. 

IS 21 . Processus selon la revendication 1 4, dans lequel ledit support pouvant Mrs accepte pharmaceutiquement est una 
solution Isotonique, aqueuse. 

22. Processus selon la revendlcation 17, 18 ou 19. dans lequel tesdites solution aqueuse, suspension aqueuse ou 
solution isotonique aqueuse compottent de plus des Ions zinc et^ou une solution tampon, telle que de rac6tate ou 

20 du citrate et/ou un agent de conservation lei que du m-cr6sol, du p-hydroxybenzoate de mdthyle ou du ph6nol. 

23. Processus seton la revendication 14, dans lequel ladite composition pharmaceutlque comports plus de un analo- 
gue d'insullne. 

2S 24. Processus selon la revendication 14, dans lequel ladite composition piiarmaceutique est formulee pour una ad- 
ministration par muqueuse ou transcutande. 

25. Processus selon la revendication 14, dans lequel ladite composition piiarmaceutique est tbrmul6e pour une ad- 
ministration parsntdrale. 

30 

2€l Utilisation d'un compost prdpar^ dans le processus selon I'une quelconque des revendications 1 & 13 pour la 
preparation d'un mddicament destind k dtre utilisd dans le traitement da diab&tss. 
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FIG. 1 
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EPO 375437 B1 



3^0 20 30 40 50 60 

GAATTCCATicAAGAATAeiTCftAAC^ 

70 80 90 100 110 120 

I I I I I I 

ATAAACGACCWUU^AATGAAGCKrroTl"l-r^^ 

lS£I«ysAlaValFlieLeuValLeuserLttuIleGlynieCy8Trp 

130 140 150 160 170 IBO 

GGCCCAACcifiTCACTGGoLTGAATCATCrro 
AlaGlnProValThrGlyAapGluSarServalGlullePrcjGluGluSerl^uIlelle 

190 200 210 220 230 240 

CGCTGAAAACACCACTTTGGCTAACGTCGCCATGG 
AlaGluAsnThrThrLeuAlaAsnValAlaliEXAlaLysArgPheValAsn 

250 260 270 280 290 300 

I I i I I 1 

GTGOGGTTCCCACTTGGTTGAACCTTTGTACTT<WT^^ 
CysGlySerHisLeuValGluAlaLeuTyrLeuValCyBGlyGluArgGlyPhePheTyr 

310 320 330 340 350 360 

I I i I I I 

CACCAAGGCTGCTAAGGGTATTGTOGAACAATGCTXSTACCTCCAT^ 

ThrLysAlaAlaLyfiGlyilaValGluGlftCyscysiterserileCysserijeuTyrGln 

370 380 390 400 

I I I I 

ATTCGAAAACTACTGCAGCTAGACGCAGCCCGCAGGCTCTAGA 

jjeuGlMABTiTyrCYBSer 
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FI6. H 
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FIG. A (CONT,) 



66 



